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ABSTRACT 

In this framework, emphasis is placed on ways school 
personnel can change science instruction and motivate student ^ 
interest more effectively* The document is organized into four 
chapters and six appendices. Chapter one discusses the acquisition 
and organization of knowledge .in respect .to developing broad 
generalizations and concep^^. It defines what science is and how it 
can_be-arpplied to the leather, curriculum, and^ society. Chapter two 
provides information from research and suggests strategies for 
changing the science curriculum cind, designing new programs. . Chapter 
three suggests four broad goals of ' science education for kindergarten 
through grade twelve. These goals fall into four areas: (1) attitude; 
X2) thinking processes;^ (3) skills; and (4) knowledge. -Terminal ^ 
objectives, examples of learner behavior, and the appropriate grade 
levels where the. behavior' is likely to be observed are categorized* 
Chapter four describes the components of a good learning environment 
and suggests instructional strategies that can bemused to achieve 
these goals. (Author/BB) . 
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"To the child in whose education nature and science have 
occupied a significant place, life is a richer and a fuller adventure/' 
wrote Helen Heffernan in the preface to the 1932 Suggested Course 
of Study in Science for Elementary Schools. Miss Heffernan, who 
is truly one of California s most outstanding educators/ and the 
others who worked with her are to be cojigratulated for their 
pioneer efforts in developing the genesis of a state framework for 

science. ^ > 

Two years later Miss Heffernan, who was then the Chief df the 
Division of Elementary Education and Rural Schools, and several 
other highly respected educators in the state prepared the first in a 
series of guides for teaching science. The guides, which were 
published over a period of almost ten years, carried such titles as 
Tide-Pool Animals; Winter Birds; Earth Tremors; Frogs, Toads, 
and Salamanders; and Termites. Arid the first guide in the series. 
Suggestions to Teachers for-the Science Program in Elementary 
Schools, identified the major objectives that should be attained 
through science instruction: ' ' 

1 . An understanding of cause and effect relationships- in connec- 
tion with the natural phenomena which he [the student] is 
likely to' encounter. 

2. An understanding of rhe contributions of science to modern 
life. 

- 3. An awareness of the challenging interests in the various fields 
of, science. 

4. An understanding of the local laws dealingfwith the conser- 
vation of wildlife. 

5. The acquisition of skill in the scientific method of problem , 
solving. . ^ • 

6. An appreciation of the beauty and resources of nature. 

Even though the emphasis and degree of complexity may be 
different, those six objectives from 1934 are not too much unlike 
the objectives you will find in chapter 3 of this 1978 framework. 




I do not know what I may 
appear to the world; but to 
myself I seem to have been only 
like a boy playing on the 
seashore, and diverting myself in 
now and then finding a smoother 
pebble or a prettier shell than 
ordinary, whilst the great ocean 
of truth lay ali undiscovered 
'before me. 

Sir Isaac Newton. 1642—1727 



The comparison, it ,seems to me, reemphasizes the importance of 
our building on the past while making changes that reflect advances 
that have been made and meet the needs of Our times. 

The fact that Helen Heffernan was not content with the publish- 
ing of one course'of study in science in 1932 is illustrative of the 
career of this forward-looking individual and others like her who 
have always w^orked so diligently to build on the past for a better 
future for our childrep. It was especially true when Miss Heffernan 
and 18 other leading educators accepted former Superintendent 
Roy E. Simpson's challenge in 1947 to develop the first Framework 
for Public Education in California. They worked three years on the 
task from the point of view that "the interests of all citizens will be 
best served as public education is unified through the consistent 
application of commonly accepted, purposes and principles of 
action at all levels and in all fields of the curriculum." ' 

Although documents produceiUMh earlier ti^mes might have been 
considered framewor"ks/ the 4 950 publication was tTie first to carry 
the framework title. VVTien the committee first began its work, the 
members agreed that the end product would be called a '^frame- 
work/' because the document, they said, *Vould be ske^letal in 
structure, giving form and shape, strength and unity to all aspects 
of our rapidly expanding progra^m of public education." 

In the 28 years since that first framework was produced, the State' 
' Department of Education has published frameworks in 12 different 
curricular areas. And several of those documents, including this 
one in science, have undergone significant revisions, thus continu- 
ing the tradition of improving-on that which has gone before. 

I congratulate all of those whose names appear on page? xi and 
xii of this document for the fine work they have done in giving us a 
new framework in science — a document that reflects tlie needs and 
interests of our times and ^ that continues the- pioneer worjT'my 
friend Helen Heffernan and others began so many years ago. As 
she reminded her readers in the 1932 course of study, I remii^dj^ou 
today,' "The teaclbrr who builds a knowledge of and a scientific 
attitude toward the natural phenomenon which is everywhere 
about the child has immeasurably enriched his life/:' I am hopeful 
that this framework will help teachers in their most important 
work of enriching lives and showing each child his or her place as 
caretaker in the world of living things. 




Superintendent of Public Instruction 
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Since ihe end of World War II,. knowledge and technology have 
increased at a phenomenal rate. Societal values and attitudes 
Inward science have fluctuated, and priorities and goals of science 
I&ograms have changed. Immediately after World War II. science 
and science.educiation were considered to be amorfg the most 
important subjects to be taught in the schools. Support for science 
throughout the nation was profound in- terms of funds, curric- 
uium, and s'taff. In most cases, however, such stipport is no longer 
iivailaWe: General public encouragement, interest, and emphasis 
in science education have leveled-off- to a great extent and in some 
cases have shown a downward trend as a result of other pressures 
and priorities. The lessening of emphasis in science has been most 
evident in kindergarten through grade six, but in general the trend 
has also been observed in secondary schools. Whether thiitrend 
continues, levels off, or turns around should be of Serious cdhcern 
to persons in industry, education, and the public at large-y^ 

While many believe in the capability of science and technology 
to solve a large number of humanity's pressing problems' d^d 
while opporiunities for work in arfeas of technology and sctentC' 
continue to grow, studies generally show that voluntary scien& 
enrollments on a percentage basis (grades seven through twelve] 
are at a plateau or are declining slightly. Therefore, an apparent 
paradox exists: Many exemplary programs can be found through- 
out Gal i forma, but as a whole science education is struggling in 
.manv of the schools, parrticularly in kindergarten through grade 
six. the attitudes and feelings children have toward formal school 
science programs develop at an early stage in their education, and 
schools need to attend to the development of the students' interests, 
skills,^nd knowledge in the sciences. In relation to some other 
school subjects, the current status -of science instruction is low m 
many schools. At the .same time the need is great for individuals 
^ and sotlety to keep pace with the increase in scientific and tech- 
nological knowledge, even- though it can be a frustrating and 

■Frank Press. -'Science and Technology: The Road Ahead." Science, Vol. 200. No. 4343 
(May 19, 1978). 737-41. 
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demanding. experi(?nc-e. Thus, teachers and administrators have an 
^ important task of reevaluating the present status dl science educa^ 
tion in their schools to determine the future needs of students and 
the community that the school serves. 

/V ^concern for leaching methodology becomes a significant 
aspect of the reappraisal of the status of science instruction. There 
is no end to knowledge; therefore, generalizations and concepts in 
the subject matter of science to be taught in. the schools become 
important considerations in restructuring science teaching. Inter- 
disciplinary pr integrated approaches to.science education can be 
considered as one way of making science relevaitt for siudentrand 
teachers. 

The teaching of science in traditional ways needs to change in 
order to help students know c)r. experience science in relation to 
tlieiPenvironment. Science Icartiings'^re important in themselves; 
however, the desigp and intent of science programs for kinder- 
garten through grade twelve should take into account the prac- 
ticality, probable use, tirnelessness, reasoning process, social appli- 
cation, and the value of science education for all students throueh- 
out their lives. Any^-science program design should include some 
experiences in the processes of ISence. Students can nsesuch skills 
as^ observing, hypothesizing, calculating, locating information, 
meastiring, explaining, summarizing, and other related process 
skills, Ixjth in s^ence and in other areas of learning. Fof many 
students the^-end product might not be specific scientific knowrl- 
edge but the development of attitudes of wonder and exploration 
and contintied learning. . 

Two recent studies are cited here to provide educators with 
; information concerning thestaujs*of science in California elemen- 
tary schools and providing- mstruction for general scientific 
literacy. 

A recent doctoral stiidy titled An Assessment of Science Pro- 
grams in California Elerhentary Schools sums up information that 
many persons thought was true but was not supported by research. 
Although no study presents a perfect compilation of all statistics 
and information, this research can be^valuable to edticators^who 
are concerned with improving the quality of science education. 
The findings of the study inclines the following (with the paj;e 
numbers.,on which the informatSdh appears in the doctoraUhesis 
ciied iYi parentheses): ' ^ ^ "* ^ 

1. Only 5 percent of California school districts employ full-time 
science specialists (pp. 1, 203). 

2' Student partiupation in science ^tivities averages 44 minutes 
per aveek in elementary schools (pp.103, 215). 

3. Over 40 percent of the elementary, teactu^rs surveyed rated 
their own ability in science as below average when compared 
with' other subjects and felt- they did not have the skills . to 
teach^-science processes and concepts (p. 203). 

• ■ ' ■ ■ -. o 



4. 45 percent of the elementary teacluTs and administrator^, 
predicted that less money for instructional materials will be 
spent on science, because state funds provided for instj^y^' 
tional materials Inay be spent on any subject area as districts 
or schools see fit (within the established guidelinesUl>* 167). 

5. Although teachers expressed their support for thej*hands on" 
concept, most continue to use textbooks (56 fXTcerit) .or 
teacher-made written materials (57 percent) as the basis for* 
their science instructional programs (pp. 2/^). 

6. Although science kits or systems have been pur(!iased by 
many schools or districts, only 5 percent of the teachers use- 
them extensively (p. 3). , v; 

7. Many respondentiJ^xpressed the feeling thai other subjects 
took a priority in time over science (p. 36).'" 

A recent anicle in the Science Teacher suggested that science 
instruction could be improved by (1) providing ilie student with a 
variety of learning approaches; or (2) mat^iing the student with a 
leache: ' xse instructional style more closely matched the person- 
ality c :h ;udent.3 Student personality styles were identified by 
the use oi the Myers-Bnggs Type Indicator. A strong plea was 
made to create a wSder spectrum of instructional choices in order to 
increase general scientific literacy as well as to improve instruction 
for the science-oriented student,. " ^ ^ 

In view of growing concerns among science educators about^he 
current status of s/ience in the schools, there is a need for a new- 
focus on the importance of science education. 

In this Science Framework emprfiasis is placed on ways school 
personnel can change the envircMmu ni of .science instruction and 
motivate student interest in sdvna more effectively. Suggestions 
are given for developing^human beiru: who not only reali/e the 
value of science to themselves and otiu rs but also understand the- 
importance of scieilcc in providing a livable environment in a 
shrinking world. The emphasis on reasoning and the relevance of 
science can be obtained through a strong, interesting, and non- 
threatening curriculum design. The challenge to give science 
educatigh a higher priorifv in' the curriculum structure must start 
with concerned educ;- irs. The Science Framework is one tool 
these educators can use in t!K- process. \ ^ 

. The Science Framework is organized into four chapters and six 
appendixes, Cl.apter 1 discusses the acquisition and organization 
of knowledge in respect to de\ eloping broad generalizations and 
concepts. The chapter defines what science is and how it can be 
applied to the lealrier, curriculum, and society. 



^Eugene H. Brown. An Assrs^^rirnt oj Sctrnce Proi^ams ip Caltforma Elementary 
Schoob, Bcrkdcv': University of California. 1^77 (doctoral thesis). 

»Mary Budd Rowc. "Who Chooses .Science? j^Profilc/' Saence Teacher, Vol. 45. No. 4 
(April. 1978), 25-28. 



Chapter 2 provides information from th^ latest research and 
suggests strategies for changing the science curriculum and design- 
ing new and vital programs. The steps in the development of a 
science curriculum arc described. ' • 

Chapter 3 suggests the four broad goals of science education for 
kindergarten through grade twelve. These goals , fall into four 
areas; attitude, thinking processes,^ skills (Manipulative and com- 
municative), and knowledge. T^minal objectives, examples of 
learner behavior, and the appropriate grade levels where the be- 
havior is likely to be observed are categorized. 

Chapter 4 describes ihe components of a good learning environ- 
ment and suggests instructional strategies that can be used to 
achieve the four goals of science. It provij^es a model for evaluating 
progress toward student terminal objectives and gives examples of 
teacher behavipr for each objective. Numerous evaluation tech-, 
niques are suggested, and methods of evaluating learner perfor- 
mance are described. 

The appendixes to the Science Framework provide .specific 
information for th^ose teachers and "administrators who will be 
using the framework. In Appendix A the major conceptual organi- 
zations of scientific knowledge are desq-iJbed. Appendix B presents 
the currently approved criteria \hat are ilsed in evaluating instruc- 
tional materials. The design for 4e^ision making presented in 
Appendix C identifies responsibilities in curriculum development 
at the policy, curriculum, and instructional levels. Appendix D is^a 
self-assessment checklist for teachers: Appendix E'is an instrument 
districts can use to measure- the professional growth of teachers of ' 
science. Appendix F presents information on ^developing^nd 
assessing science instruction skills. 
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Modem societies accepted the 
treasures and the 'pouter that 
science laid in their laps. But 
ihey have not accepted , . ; its' 
projounder message: the defm- 
ing of a new and unique source 
of truth. • . 

. Jacqncs Monod 
Chance and^N^ecessity. page 170 
Translalcd from the French by 

Austryn Wainhouse • 
Copyright 1971 by Alfred A. 
Knopf, Inc. ^ ^ 
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/ ^I6dem soejei^fes are^ scienceand its offspring, 

'teainology!:. ^i^Tniari'beings constantly are being reminded of this— in . 
their use (if' communication, transportation, housing, clothing, 
food, water, and energyflt is important to learn about the scientific 
facts and diS^overJe's thaj: human beings have tun?ed to their use. ' 

.-The coufitle& benefits of science confer an obligation on teachers, 
and learners ^ty^e.; This obligation is to understand >nd practice' 
the pursuit''ctf;<3^ectiye knowledge as the source of truth^^rtly by' ^ 
vigorousfy ^hering to^bjectivity, to an uncompromising searcl^ 
for facts .^"can science survive and flourish^^Putof this pursuit ' 
comes libera ti6n\fiia!rp superstition and a^eepened understanding 
of peoplg.ahd qf sthelu^iverse. " 

Befoffepeppie can begin to consider the impact of science on the 
world arb^d them, thiey need to have a definition of science. Many , . 
such defimtidns: eiist; these generally can be divided into two . 
categories. ' *i 

In the first catego'ty of definitions,^ science is viewed al a body of ■ 
collected knowledg^^comprise'd of interconnected .sets of prin- 
ciples, /lawis, and t&fies ihat explain, the universe. When people 
who take tikis', v/ew: talk- about scienjee, they .refer jonly to iis,^' 
content— the facts, podpciples, and. laM used to describe the worl(^. 
around them. . ^ . - 

In the second categbry ofdefrnitions, science is viewed as a set of [ 
processes that -can be used to' systematically acquire and refine ' 
information. People who 'take this view consider the. scientific 
enKrprise to be a set of processes;, for obtaining information. . ^ 

Eaf the purposed of this framework, the "clefinition' of science 
encompasses both pbints of view because one point of view cannot 
be learned or understood without the other. /Thfough observat'iop 
and experiment -the scientist assembles facts about natjjre He or 
she then 'seeks relationships that will link thtee ^acts into a 
, coherZit and useful netviork. In such a scientific enterprise, t^e 
■ f^fSTprinciples, and lajvs .serve ^s knowledge-content building; 
(locks, while processing ariS reprocessing procedures 



serve .^to 
s • 
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- organize and refine the building blocks. The dynamic relationship, 
.^iweeh systematic processes and pieces of knowledge is the essence of 
the enterprise. Thus, science is the acquiring and organizing of • 

,;:;knowledge "in such a way that natural phenomena are more ; 

' adequately explained and their usefulness .to human beings is 
Henhanced._ - • ' ' ' * ' 

Science- as a Way to Acquire Knowledge 

The main route to scientific knowledge is through obsefuingy 

%hich can be characterized as a distinct process. When used in 
scientific research, observing is an attentive and intentionally 
objective activity that serves to answer specific-,questions. D«crj6- 

'ing is a more sophisticated process. It requires that thjattributes of 
ihe observed- object be- distinguished from one;inotfier. One can 

' observe an objeci^as a whole, but describing requires aiteniion to 
part's. Comparing is apro^ess by which out systemiaticallyJooics at . , 
objects in relation to other objects, identifying likenesses and ^ 

"differences. This process alloAvs a scientist to begin the more 
complex process ol classifying. Many other processes can be identi- 
fied. Some processes, such diS. hypothesizing, experimenting, infer- ' 
ring, and predicting, consist of one or more of the previously 
rneniioned activities. " _ 

• All of these scientific processes can be learned; more mdividuals 
have learned to be scientists in the past 50 years than4n all previous ^ 
ljuman history'. Teachers cannot, of course, leachstud^s to make 
great discoveries, but they should be able to desffibe .sofene aspects 
of how .discoveries are made. Scientist? owe mudk,oi^eir siiccess,- 
for example in the conquesf of disease, to the way they have been 
able to identify, use, and refine the scientific processes that lead to 
new knowledge. By using these processes, human^eings have been . 
able to opganize knowledge and develop a clearer understanding of . 

■ nature. 

Science as a Way to Organize Knowledge 

Facts aloQe do not constitute 'sciejice; science exists only when 
relationships among facts are established. As facts are inta-related, ' 
organizations of '.knowledge result. , ^ 

Even when the facts are observable, their relationships .may be 
difficult to perceive. Human beings device organizations that seem-, 
to fit the facts they observe. The scientist tries to build, step-by- 
^tep, a conceptual model of a possible organization, probing and 
testing each step. The procedure of testing whether a model of the 
relationship remains consistent with the facts when a new fact is 
added is crucial, "ihe scientist must use a model to make a 
prediction. If a new fact contradicts the prediction, the scientist 
knows the model wasWat least in part, in error. 
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When the fact conforms to the prediction, it supports the model. 
%ai support is not proof io the scientist. Th? new supporting fact 
is added to existing knowledge; it confirms the application of the 
model and.wi'dens its range, but it cannpt be decisive or show that 
the model :is universal. One purpose of experimentation is to 
uncover, a situation in which the model fails; As a resuU of such 
experimentation, some organizations of knowledge of 100 years 
ago appear crude and primitive . today. Such models must be 

■ continuously' refined, updated, or replaced. 

* .The very nature of the scientific enterprise is to (1) generate and, 
test conceptual organizations 6r generalizations that provide 
models for the understanding of how certain facts are related; and 
(2) continuaUy search for greater 'and greater generalizations. The 
result IS the production of broader, more comprehensive concepts 

^ and, at the same time, the; reduction of diverse ideas to' fewer 
a-contepts. This is precisely the basis for scientific, progress. 
' Thevmajor concept wi?h wliich factual data are explained and 
related in each >najor discipline (e.g., Astronomy, biology, geology, 

, , chemistry, and the like) are readily a|ailable. One can make broad 

■ and comprehensive generalizations! that are basic to many dis- 
'ciplines and that integelate the mah^ facts and principles of all the 

sciences^ - Examples of some^of these" ba^ic conceptual general- 
izations of scientific knowledge are presented with explanations in 
ADoendix A., J ' \ \ . 



Appendix A. 

Science and Society \ 

The ability of scientists to generate new knowledge is/3ne of the 
" world's major economic and social assets. Support for research to 
generate more knowledge -and to apply that knowledge has been 
strong, butthis support recently has become a political issue. Some 
•results of research and development certainly have benefited hu- 
mankind!' People today have a greater abundance of- food ancj a 
greater freedom from- disease than did people in earlier generations 
and nonscience-^riented f societies. Other results haye had an 
unfavorable impact on the environment. Human health can be 
affected adversely by polluted air, water, and soil. The future 
survival of'the world's population is being affected by the deple- 
tion of natural resources. \ 
' Science, technology ; and societal coa^rns are intimately iVlated, 
and individuals must become aware of the Tapid changes that may 
directly affect theif welfare. For exaniple, the replacement of 
people by machines has had an enormous economic benefit. The 
trend toward automation that allows dne individual to perform the 
tasks o^.many and the trend toward computerized data processing 
require that some consideration be given to the consequences. If 
• society is to maintain full employment, the leisure time available 
to'^iure citizens will be. uneqiialed in history. The beneficial use 
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of this time for the individual and for the nation must be an issue 
of higfi j^riority- 

Other science-initiated trends should cause society to rethiok its 
goals and beliefs* Progress in the^medical sciences," for example, 
has increased the need for an understanding of the process of 
aging* This same progress has led to a reconsideration of the issuje 
of euthanasia. How much value human beings place on life and, 
indeed, how they define the quality of that life are not strictly 
scientific questions, bur are part of the presuppositions froni 
which scientist begin. The economic considerations inherertt in 
' the^se of artif i^al iiit^nal organs require that people understand 
th^problems associated with their use* General concerns, such as 
tb^ purity of foods, the quality of the environment, and the health 
Vnd safely of people^ are^ not matters for science alone — economical, 
'ethical, and political factors may dominate these issues. 

Informed people will be able to recognize that many major 
forces in society affect the learner, the schools,, and science- Such 
individuals will know that science and technolpgry are necessary 
but not sufficient in themselves to solvp most of s6ciety's problems. 

Science and the Curriculum 

The production of -new scientific knowledge and its importance 
to ^ the progress of our culture make increasing demands upon 
schools and the science curriculum. Recognizing that it is not 
possible to predict what knowledge and processes are most likely to 
be valuable to individuals- a dozen years from now, instructors, 
curriculum designers, and other educators must focus upon a few 
basic principles, arid processes. These can be used to guide the 
learner to think rationally and to continually test his or her 
'opinions, beliefs, and concepts against observable phenomena. By 
instructing young people in these basic principles arid processes, 
teachers of science can corftribut^: to the attainment of a competent, 
orderly,, and humane society, one in 'which the individual under- 
stands the functions of science. In such a society scientific research 
can help provide maximum opportunities and benefits for the 
Individual. . ; 

Within the whole cuiyigrulum' of the school, science . can be a 
leadening ingredient. It can enhance' language development by^ 
providing learners with opportunities to^read, write, speak, and- 
listen as well as by giving them experiences that are worth reading, 
writing, ar(d ^peaking about. Science instruction can provide the 
exp>^ieritia^ basis for young people to fdrTrx concepts that,'in turn, 
necessitate the development of 'vocabulary . ^ ^flP 

As with language instruction, science can reinforce the teaching 
of mathematics by demanding frequent application of mathemart- 
i'cal skills and by providing oc^feions for practice- Science instruc- 
tion, with its accompanying laboratory activities, can make such 



skills more interesting, more useful, and more applicable to ''real ^ 
life situation^:" Students can learn why there is a ''besi'\part of a 
bat for hitting a ball. In metal shop students can learn why metals 
oack when they are bent too many times. 

Practically every subject m the curriculum can be related in 
-s6me way to science. ThPsnVn^ f nirrirnliim nh'^iiM ^V"-^ ^n*^^ 
audita way thatthgsTrelationships are emphasized at every oppor- 
lunitj^------^^ ' ^ ' \ 

^ Science and the Liearner / 

Schools are composed of students whp' have a wide range of 
diverse characteristics. These differences are influenced by genetics, 
culture, society, environmental conditions, levels oi aspiration, 
and other factors. Because of these diversities,' the intellectual 
growth pf,studentsrequiresa science curriculum that is made up of 
different subjects that are taught through a rich' array of instruc- 
tional techniqujfesir Such subjects should be paced at a rate that 
. ensures steady progress,' and they should be designed to b^ingeach 
student to his or her maximum potential as a self-dirjected learner. 

Science instruction 'can play a significant role in developing 
each 'Student's potential. It should guide the student toward the 
rational resolution of problems, and it should emphasize both the 
worth, of thinking for oneself and the difference between fact anS 
opinion. The critical attitudes fostered by* the study of science may 
indeed be essential; for the successful functioning of a democracy. 
Our political 'system requires from its citizens. maximum under- 
standing of how to beneficially apply and control technology. 
This understanding cannot be realized without successful instruc- 
tion in science. 

Instruction in science should make the learner aware of the 
many career opportunities that can/result from studies in science, 
Indeed, iii the contemporary world'one hardly can imagine any 
career that would not be made more .Effective by a knowledge of 
science: . ' 

' • ' • • ■ : ■ 

*' . ■ ' ' ■ 
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Many of the federally sponsored science curricula ol the; *1^50$ * 
and the 1960s were conceived in terms of the science concepts and 

processes that were believed to.be the most important to be taught. 
Although these are^ still valid, a contemporary science curriculum 
is broader in concept, moving toward scierice:diat is interrelated 
with human problems and with life in a complex society. Science 
is viewed as basic for:3ll students, regardless of vocational or career 
pl2ms. Knowledge, when it is us^ in real life issueis, builds aoss- 
disciplinary curricula. The term curriculum itself is derived from a 
Latin word related to action. Therefore, in this framework, the 
curriculum is conceived as the combination oT learning experi- 
ences provided by a school district for its students. 

Although one can identify, many possible combinations of *ex- 
periences that can be used to develop curricula, certain,' common 
components exist. These include an ^mdedying philosophy that 
involves learning theories; a view of t^e society and learners served 
with an assessment of needs; oyerall goals and objectives that are 
consistent with the goals of science education; a scope and se- / 

> quence; a collection of learning activities, which a district level 
must be useful to a variety of teachers and learners; resources; and 
an evaluation p^an that includes the examination of both long- 
term and short-term results. 

The total curriculum should include a description of the ^eth- 
ods by which the gqals and objectives are to be achieved.^Tiese 
goa^s and objeaivesjor, science instruction are described inr Chap- 
ter 3 under the categories of (l)'scientific attitudes; (2) rati^^ and 
creative thinking processes; (3),manipulative and^comniunicative 
skills; and (4) scientific knowledge. These broad goals^afre common 
<o the biological, physical, earth, and^pace sciences. These goals, 

. the means used to achieve them, and the procedures used to assess 
achievement are derived from one or more, educational philoso- 
phies. 

This document was conceived from an Eclectic philosophy. 
3cal school philosophies vary, but if the science curriculum is to 
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be effective, the underlying philosophy, the instnictional sequen- 
ces, and the chosen materials must be consistent with each other. 
This idea of consistency encompasses the attitudes, needs, and 
concerns of students, teachers, aftd members of the local cornmu- 
nity. The science curriculum has some flexibility, and it varies- 
with the changing events in science and with the current needs of 
the students, the school, arfd^the community; however, it must 
include, content from each of the major 'scientific disciplines. 

The designing, changing, developing, and implementing of a 
curriculum are parts of a cyclic process that involves not only 
school personnel but also students, theiii parents, a^^3ther mem*, 
bers of the community. A systematic^esign^for cumoilum plan- 
ning is iftiperative if personnel, materials, space, time, and funds 
' are to be used effectively. A curriculuoi design deals with conflict/, 
ing conceptoon^ of the schools philosophy, its goals and objec- 
tives, and the ways to organize to meet these goals-and objectives as 
well as fulfill the aspirations of the students and parents. 

'The organization of the science curriculum may be "based on 
science^content Jcnowjedge by topic, by concept, or by process. It 
may even be based on the instructional methods or materials to be 
used. Some curricula provide a tightly sequenc^ hierarchy of 
concepts and/or processes. Others provide independent units or 
topics that can be used flexib-lv-to meet local need^;- still others 
incorporate an entire system of instruction. No one pattern of 
organization is superior. But regardless of the organizational focus 
that is adopted, the concepts, processes, units, equipment, mate* 
rials, and systematic instruction must be considered fully by "the 
writers of the curriculum. 'v • 

Most science curricula^ Reflect one or more of the following 
current trends in teaching-learning theories: the use of the inter- 
disciplinary approach that involves mathematics, the arts, social 
sciences, industrial arts, and langiiage arts; flexibility* to meet 
individual needs and personal vaW systems; more eleoives at the 
high school level and/or minicouiies ha^ed uponj^nterests of 
students; activity-oriented experiences for individual students or 
groups; recognition of the contributions made to science by men 
and women of all races and religions; experiences outside the 
classroom; independent career explorations for both science and 
nonscience career students; and > greater emphasis on the use of 
science. * * * 

To incorporate any of these trends, desigJi^rs of a science curric- 
ulum should do ^he following: - 

1. Determine -the status of the current science curriculum by 
performing an assessrrient and establishing priorities. 

2. Determine whai is desired in a new or modified science curric- 
ulum by (1) formulating goals ancf objectives; (2) ijlentifying 
and previewing new programs and materials; and (3) determin- 
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ing the organization, scope, and sequence of the desired cur- 
riculum* . 

3w Establish plans for achieving what is desired by (1) selecting 
and organizing materials ''and other resources; (2) modifying 
and developing the teaching-learning ejcperiences; and (3).iden- 
tifying the.implementatibli and staff development needs. 

4. Evaluate the science curriculum by determining what is to be 

evaluated and how and when the evaluation .will be made. • 

■ ■ * 

Status of the Current Science Curriculum 

To develop a new science curriculum, one first must' learn the 
. status of current programs. The existing programs must be assessed 
thctfoughly by the instructional staff through contacts with other 
teachers, administrators, support personnel, sti^dents, parents, and 
school board members. Cooperation from all participants and 
effective communication are especially important to this assess- 
ment* Also, the entire process of assessment is made easier if 
timelines are established to indicate when program and student 
evaluations will occur. , 

Performing an Assessment ' , 

, Numerous components 'for a science curriculum must be con- 
sidered in an assessment. The checklist shown in Figure 1 can serve' 
as a guide to obtaining information on the major components; it 
can be modified or expanded by the user 

Establishing Prioriti^v^ 

When the assessment data , have been .gathered anct analyzed, 
""critica] priorities can be identified. These can become the b"ase for- 
planning goals'that will direct further science programming and 
.devehopriient* The* individuals involved in science curriculum 
development and dedsion making must continually assess the 
processes by which curriculum priorities are established. The data- 
from the assessment can be synthesized into several levels of 
priorities: critical, important, and desirable. A science curriculum 
cannot be developed ^ithout regard for the entire school curric- 
ulum, and a balanced school curriculum includes science instruc- 
tion. ^. 

Priorities may continue to change because of changing circum- 
stances, but the critical priori tie^^ serve as strands for the science 
planning process. , , 

Many different strategies can be used to develop a hew science^ 
program or to redesign an existing one. The determination of what 
is desired i^ based on analyzed data gathered in the assessment and 
^ on the philosophy, goals, and objectives established by the cur- 
• riculum designers. The general organization, scope and sequence. 



and some learning activities are also included in what is desired;- 
but for plans to become operational, priorities have to be deter- 
mined. The priorities that are decided upon become the focal point 
,for achieving what is desired. The decision of whether to aeate, 
adopt, or adapt science curricula requires* knowledge of what 
choices are available. Curriculum decision makers have the respon- 
sibility to provide the psychological and. technical support that is 
needed to implement the curriculum. 



Areas to check 


Current ^ 


• Desired 


Learner . 

*Achicvc*mciv ol scirncc cducaiion Roals: 

• Scicniific auiiudt^. imprests, and aiiiiudeb toward 

sciontr 

• rhinking procrsst-s 

• Manipulative and cOmmunic-aiivc :>k\\h 
- • Stix-ncc tnowlcdgf (content) 

, C'uItLiral. community backj^round 
L!Unj;u:|*;c background 






Current Science Program 

f iirrrni vvriiirn and oocrational science curriculum 
Teaching-learning environment (See Chapter 4,)' 
l^ation of science program in school 
Organization for instruction (self-contained, team teach- 
ing, and the like) ^ 

l ime spent in preparing for and instructing in science 
instructing ti^chniques 
Stifdent grouping patterns 

Prcxesses ft>r evaluating Irarners.and the science program 
. Ix^gal- restrictions (aninfals. safety regulations, and the 
like) 






Instructional Staff 

.'^t^fl attitutlt^ and interests 

Stalf skills unci talents (auniinistrauM. cMssroom* anu 
nondassroom) • 

Staff processes (gr9up ctomunication. decision making. 
kind seh(Kjl ( limate) 




* 


Resources for Science 

Availability of science personnel . . 

St ieiK/- etjuipment and instructional materials 

•Stieme fiKilities (cbSsrtH)ms» labs, library, and the like) ^ 

Oinsylianis - i 

Money " c^- 






Community ^ 

Aftitudes toward, the schcxjl^and science program 
* hilerest and suppxirt 

Attendance at sdiool functions and activities 
MoneiarvMnaierials-service support 







Fig. 1. Science curr^rulum assessment checklist 
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Determination of What Is Desired 
in the Curriculum 

WheiTthe current science curriculum has been assessed and the 
priorities have been identified, curriculum designers must formu- 
late their goals and objectives and preview the available instruc- 
tional materials in science. The preview process and visitations to 
schools with exemplary science programs should aid the school 
staff in determining what is desired and what chaijges need to -be 
made. * 

Formulating Goals and Objectives 

The priorities idemified as a result of the analysis of the infor- 
mation gathered from the assessment Ijecbme the planning goals. 
For example, the dati gathered might indicate there is no formal 
assessment of the learners at certain grade levels regarding achieve- 
ment of the science program goals and objectives. A critical 
planning goal then would be the development of an assessment 
program to measure the achievement of the goals established for 
the science program. 

Other planning goals and objectives are related to identified 
priority areas. Examples of identified priorities migbft be staff 
development activities, facility improvement, support for the sci- 
ence program, or community involvement: The goals and objec- 
tives should be formalized on the basis of the actual priorities that 
have been identified in the needs assessment of each district or 
school. In this prdcess^ the ultimate science program will reflect 
input from* the local schools and community. ' 

Identifying afid Previewing Programs ind Materials 

Because- of the plethora of science programs, textbooks, and ^ 
instructional materials available today, the scho€>I staff must set up 
a preview process. Visitations to exemplary science programs in 
other schools or school districts would be rewarding. County, state, 
and science teacher organizations can provide valuable informa- 
tion. Care should be given to the selection of materials so that all 
the sciences-ate covered. The preview process should provide the 
planning group with data that can be used in the decision-making 
process. The. type of science program desired— whether text, te^t- 
activity oriented, or process . oriented— can be decided upon. The 
organization of the content, the instructional materials needed, 
• and the supporting resources must then be planned. If a new 
curriculum is created, schools might be selected to pilot all or part 
of the program. This procedure can be used to evaluate the 
appropriateness of the program Jor the school population. 



Detiermining Organization^ Scope, and Sequence 

In this document citrriculum h^s been defined in its broadest 
terms. Therefore, the organization, scope, and sequence of science 
curricula incorporate more thap the traditional listing of science 
content. The science curriculum that follows the goals and objec- ' 
tives set forth in Chapter 3 includes the developnient of scientific 
attitudes, thinking processes, manipulative and communicative 
skills, and scientific«knowledge. The wide acceptance of the impor- 
tance of these goals for science education has resulted in changes in 
three curriculum considerations: the development of differing' 
curriculurii organizational patterns; an increased scope of science v 
.content beyond the traditional biological/ physical/earth, and 
space sciences; and a variety of learning sequences. These changes 
have been recommended in curricula such as those sporispr^d by 
the National SciehceToundation ancj by several publishers. Cur- 
riculum designers should supplemem the following discussion by 
further -study of current science curricula and by the use of science 
curriculum specialists. The need for this is emphSisized by new 
developments in both science and education. 

' Organization. Science curricula generally have reflected an em- 
phasis^n facts, with content topics serving a? the usual orga- . 
nizational pattern. Such content organization still can be used, but 
other modes of organization {e.g., process, attityde, skill or delivery 
system; and conceptual scheme) are commonly advocated. How the \ 
curriculum^ is organized reflects the background and experience of 
the developers. For example, a powerful mode of wganiza^tion for . 
science curriculum content is one based on a conceptual br^niza- 
tion of knowledge such as that presented in Appendix A. Other 
conceptual organizations have been developed by competent scien- 
tists such as those who developed Ai>pendix A, which incor- . 
porates these generalizations. ' ' 

In a conceptual organization of knowledge, scientiticL informa- ^ 

. tion is brought together in broad generalization^/i^t^^ 
the many specific facts and principles of i^'pP^Si^ scierices. 
Conceptual organizations can be used to facifiS^^j^th inter- 

"disciplinary and intradisciplinary studies. Student^fe^ gain great- 
er meaning, and understanding from siich studies. A. concep- 
tual organization*of the knowledge of science is vital to all levels of 
sciltnce and education because it is more stable than one based^on 
ewr-increasing and constantly changing facts or on j^nrelaieSd 
topics. ' - ' ' - *^ . 'ijj 

Science cumculum developerfc5hould be aware that, itamcept r, 
generalizations are used as ciAffculum organisers, for contentx^ 
appropriate learning Activities that illustrate the concept need to 
be determined and specified for each grade level and/or saence 
course. Conceptual learning. in science ij a facu^r in the imple- 
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mentation .of any s^ence curriculum and is not dependent only on 
organizing the curriculum by concept. . * 

^ Science processes may form another organizational basis- for a 
written -curriculum. One National Science Foundation project 
■/ \ gave preeminence to scientific processes as a science curriculum^ 
brganfeer. SchopI districts may devise their own process^ curricu-, 
lum or adopt one that is already developed and tested. To devise a 
new process curriculum, tHe designers must specify illustrative 
activities. , * 

Scientific attikides are connived as major organizers in some 
\ science curricula. Current national and scientific concerns'" and 
social conceriis related to science can form the basis for curricula- 
Science activities or short courses that are popular with students 
and t^at build positive scientific attitudes may form still another . 
organi^tional basis for curricula. 

Other organizational methods may involve €ontemj>oraTy educa- 
tionaljjllivery systems such as learning centers and individual or 
^6up laboratory modules and media. Developmental or hierar- 
chical designs also may serve as patterns for curriculum organiza- 
tion. ^ - ' : \ 

An historical organization may be used»to emphasize the growth 
of scientific knowledge curriculum and the relationship of science 
to other ^eas of the curriculum,. • ■ 

The goals for science education as stated in Chapter 3 also may* 
be used as part of an organizational theme around which a 
curriculum may be written, but whichever organizer is used for the 
written science curriculum, all the other organizers will affect the 
written and taught science curriculum. ^ - 

C^e should be t^en to see that the basic 4earning theories- 
associated with a patrticiilar curriculum organizational pattern are 
compatible with those of the school, its staff, ^nd the community. 
" ^^ Changesj4n>t)rganizational patterns should be encouraged if the 
changes help improve student learning in science. - 

J Scope.' The broad natural curiosity of children delineates 'the 
scojDC of a science curriculum that encompasses the uriivefse. In 
recent years curriculum designs havje been expanded tp include an 
array of emphases based on student and national iSiterests or on the 
more realistic involvement of students in problem solving and in 
sciencerrelated issues in such areas as economics and law. Creative 
designs have been built upon ^ man^ of the "following topics; . 
environmental studies that may range from endangerejd animal 
species to problems of increased human population and energy 
and wafter. conservation; bioengineering;, eriergy source studies that 
explore the power possiBilities of the sun, wind, and tide; geology 
studies involving theories of plate*5ectonics and earthquake predic; 
tions; space sdence activities,, including space probes, the proba-^ 
bility of other life, and space technology; engineering; tneteoro- 




logical studies in which satellite data and other references are used 
in the ex^rnination of world climated; ofceanographi^ studies of the 
California coastline and its develbpmen't; behavioral studies 
designed to help inc^viduals i>etter un4^rstand themselves and 
others; and combined physiological, psyt^hological, ands-social 
studies dealing with such topics as birth, aging, and death. 

The scientre curriculum for^ kindergaa"ten ^^d grades orte 
through twelve should provide oppwDrtunities for^ll students to 
pursuej interests in a variety of sciences at ^each level. Provisions 
also should be made for advanced learning in each of the scienceS|. 

ScQ-uertce. Many sequences may be foliQ.wed in ^developing a 
5tience curriculum. Little more than tradition justifies most of 
today's scijsnce curriculum sequences. Various science topics, con- 
cepts, and'co'urses have been proposed as the most simf^ or basic; 
but, for example, some controversy still exists as to whether "£o re- 
quire chemistry before biology. 

If students are to be presented with concreteiand familiar ideas as 
a basis for learning abstract concepts, the teacher must sequence 
their experier^ces accordingly. But sequences are arbitrary and may 
n^t fit individual students. What As necessaiv students is a- 

^onsistency in sequencing,' following any organizational basis but 
r^aking adequate provision for recycling ideas for those sttjdents 
who, enter the established sequence' at different places. Students 
wlio neyd additional help in understanding or who wish more 
c:x^f>erierlce should" then be given more opportunities. Students are 
< v^txiable resources and should be c^>^sulted in determining the 
V sequences as well as deterrnining what can and shoLjld be included 
^in the curriculum. . ^ ^ * 

Plans for Adiieving What Is/'^l&^sired 

Wher^ curriculum designs are to be developed cS: existing science 
programs are to be modified,^lanners should consider the various 
sources of curriculum design; e.g., the state framework and d^^strict 
and school curriculum guides. The Science FrarneiJborh forXlali- 
farnia Public Scf^aals provides a broad base fr^m wl^ch all levels'- 
of curriculum design can be develop^ed; coizrses of study prepared 
by offices of covin ty superintendents of ^schools provide greater 
specificity; school' district courses- of" study or curriculum guides 
and school-level curriculum programs further increase the speci- 
ficity; and, finally, classroomrlevel instructional objectives are 
directed toward more specific learning experiences in science. 

The science'- program planning process referred to earlier in this 
chap^r can be used by curriculum designers to develop plans for 
achieving what is wanted in new science progifams. The cyclical 
and ongoing process may be visualized B.s^^sh£>\s^n in Figure 2. 
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Fig. 2. Sdehce program planning process 



Selecting and Organizing Instructional Materialis 

' / 

Instructional materials in science, including equipment and 
r supplies as welf^ print and media materials, should beselected to 
facilitate achievement of science cun-iculdiri goals ^nd objectives 
and to provide variety and motivation for the lecher. The use of 
good instructional tnaterials increases sensory stimulation for the 
learners, giving^thera greater access to phenomena unavailable in 
the classroom. ^ , ' 

A variety of science materials can be used to give learners 
practice in scientific inquiry. Teachers also can evaluate learning 
in different ways; for example,^ in* laboratory seminars. More 
sophisticated equipment such as computers can make learning 
relevant and can give valuable experience for fjjlure careers. 

Care must be taken, however, so that the materials do not 
become the curriculum. Science experiences outside tne classroom 
should be provided. Extracurricular activities such as partici- 
pation in science clubs and fairs shpuld be included in the learning^ 
program. - 

In, California, science rriaterials are state-adopted only^for kinder- 
garten, and grades one through eight. Materials for grades^nine 
through twelve should, however, satisfy tbe criteria used b^ jhe^ 
evaluators of materials used in the lower grades. (See Apjp^ndix B.) 
The proliferation of science materials makes the selection process 
difficult and time consuming. 

District boards and administrators should give priority t© the 
development of policies and procedures for setting up local selec- 
tion committ^s and provide members wi tlx sufficient released time 
(and a tipfj^^line) in which to make careful selections* ^dence 
material selection committees should include individuals who 
have an interest and a back'ground in science. Stujdents, school 
board represent^tife, administrators, support staff, and members 
of the community should i>e asked to provide input to the commit- 
tees. ^ ' _ . 

Before selecting any instructionah materials, members of the 
curriculum and science selection committees should do the follow- 
ing I ) ' > ^ 

1. Become familiar with the Sfience Framework and the criidia 
derived from it./^hese criteria should help mertibers of district 
committees develop their own criteria for selecting materials, ; 
(See Appendix B.) / ^- . 

2. Review county' and district cQurseS of study and guides for 
science instruction. , ^. • > - L 

3. Study district statements of philosophy and goals, data from 
_ local needs surveys, organizational patterns, and teacher state- 

^ments concerning the science objectives for which individual 
teachers agree to assume responsibility. . 



4. Review recent Uterature.on science.education, to become aware 
of current trends and practices. 

5. Develop a criterion checklist for systematic local selection, 
replacement, and storage of instructional materials in science. 

6. Obtain evaluation data '^evant to checklist items from the 
California State Department of Education's Instructional Mate- 
rials Selection Guide— Science (kindergarten and grades one 
through eight); reviews and articles from science education 
journals and other professional sources (kindergarten and grade^ 
one through twelve); science conference proceedings and pub4 
Ushers' displays; Educational Products Information Exchange^ 
{EPIE[> reports; producers' brochures and catalogs; and users' 

.evaluations. ' 

7. Conduct an inventory of . science materials and facilities that 
currently are availa'ble in the district to determine their condi^ 
tion and to ascertain vjshether they meet new criteria and- can 

stilL be used. I . . , " j 

■8. Use collected data to eliminate t^ose science! materials that do 

not meet locally develop>ed criteria. J . r 

9. Examine and evaluate state-adopted and otl/er science rnat^nals 

that seem to meet local criteria and rate these. materials in. terms 

of each criterion^ - * 

Before making any determination in regs^d to the programs or 
materials to be adopted or modified, members of, the selection 
committee shoiifld consider the following: ' 

• Grade level match ' . - , ^ ^ - ' 

• Compatibility with district and/or schbol goals altti objectives 
If Adaptability to existing program 

•"Type of class organizations and schedules indicated 

• Instructional approaches to be used by the staff 

• Student interest and motivation 

• Parent/comrtiunity involvement and needed support / 

• Personnel requirements, including support from classified 
staffs for secretarial, recordkeeping, and clean-up 'assistance 

• Printed materials and science supplies ^ ' . 

• Space requirements for students and materials 

• Laboratory hardware and other equiprpent * * 

• Reordering procedures and" time lag ' * 

• Formal and informal evaluations of the program and materials 

• Start-up and continuing costs 

• Benefits to students, teachers, and the community 

Modifying; and Developing Learning Experiences 

Scienc^eamihg experiences^ in the classroom have always stressed 
student participation in laboratory work and other activities. Out- 
side the classroom, learning experiences have, gone beyond the 
confines of the school to situations where students at all levels 



are invx>lved in science data 'gathering, problem so*^ ^j^i /-c;^/ 

ducting research, and working on science-related jobs 

muriity. ^ ^ / 

The learning activities as well as the tQp>^cs in curf ,^ 
curricula aim toward attitudes which reflect science ^ ^0^/ 
humane manner. F^eople who are concerned ^t>out t^^.^^^j/y 
energy resources should realize "the need for developi'^^j^^'^^M^ 
attitudes toward science as well as exercising rational ^^^X^^^^^ ^ 



Those who are develog^jyag today's science curricula ,^(^ ^ 
the integration of scierice'into all aspects of tife- Many ^^^f 
pr^eparing for careers and learning the imp>ortance ^^^^^^^ 
courses in: many occupations not related to, science. ^Pviri^Kiii^^ 
to experience different science-related careers need to ^ 
in the science curricula. * " ^ 

Identifying Impleknentation and Stsd^ r>evelopm^^| ^^^t^^^^ 

Once the organization, scope, sequence, and mater^^^ ^e^^ 
lected, implementation becomes the most critical part >fy t^Xv^^^/ 
curriculum design process. Unless the learners ^^^^^ ci^^\i/y{^^^ 
consistently involved with sequential and nieaningful ^^ty^^ e^/f 
periences, both in and out of the classroom, the science"^ j^^^^.^fi/ 
will be nothing more than a serie5 of meaningless statet^ ^ ^ 
teacher Is handbook- - * k / 

iTTipierrterttatian nfii^ds^ s4a;ff must become ^^^^^^utv^t^yir^/ 

nevy^ curriculum can be implemented.^ The Tines of cotn^^^J^^^^^I^^ 
must be. open among teachers at each grade level, ^a^/ 
levels, and between schools. In the secondary school sp^^^ ^^dl / 
must be made to open the lines of cx>mmunicatioiXl^^'*^ ^i;. ^\^<^^^ 

programs. School districts mu^t^^lso provide for ^^^^tiU^^j^^^ 
munication between the varioiiSrJ organizational levels ^ Wi^*!^ 
No science curriculum program can be adequately ^ii^^^J^^j^^ 
until consistent processes for communicating, planning' uc^^^ / 

sion making are ^established. (See Appendix C for ^ ^^v'o'^. 
making diagratr©-)/ ^ ^ ^ ^ ^Jet^ V 

Science S^"a natural motivator for the learner. At jr^ t^*^ 

level science^, topics c^n be integrated easil^r^ witb other ^ - h^VlU^ 
areas; The processes of science {observing, -classifyit?^^^^^'^^ 



science {observing,-- classifyit?^^^^^^^^ 
inferences, or rrieasuring)*^\are applicable -to all subj^ ^ \ 
districts Often/ ijicorF>orate science into the reading ^^^^pl^^^h'^ 
m^ tics activities /iat the elementary and intermediate scH ^ V el^^ 
Efforts^ currerrtly are being made in secondary "^rcz^^graft^^ 
murtidisciplinary appr6ai||ti acro^ the boundaries qI all ^ ^^J^n^ 
to achieve the objective^" fjp^ more than one disciplin^^^^ j 
Stroifg interdisciplir>a^?l^lirriculum offerings can be ^ ^ ^^ko^^ 
between the science departnient and cither content are^ ^ ^si^ 



' ^ ^"^^^^ '"J'eamS science-oriented 



rllV^V'' K^PKnO^^ ^tiv ^ce ^^fitial . .because com- 
b^^|Pj,e sch Ax ^n^ sVSntifS?, Ce from rxiem- 

S^^i^'^iJ'^^ ^li^ ^So^*^5ervi^^*l financial and 

iV^^ ^2 can Vjs, for ' C^n^'lveml '^Ud^t assistants. 

' 5N>V' ^N^if^'^^^^'^^^r^f c^^^ £ m J,.%porianities for 

^ff^Vijf 5^ e a»^^Vi<^ sc^^n\^eO^Uey s^s^ch as those 
^n\^6*'''- "'fij^if^- iith ici^ldal^^ given 

^J\,f^iz3UOn|^^^ X,om^Vn.^,r^ the ^ctreltted firms 

V ^'IW'^-^V^, Per^ su^^ ,,ibi ^Hable changes, 
""^X^K^' f^'n^'f^^^^ ^> re< 1 t^^^staff^^^-^op- 



; ^^ttis. VvNce curriculum 
V W^matepajs and 
. ^^cho5:'fic in-service in- 



•;5><f '"Kw^V '^•><^^tV''5>4^ Wen provided 
SV''i^„ 3>'' -v^'^. and accea ,o 

C f S.^ "J?* l^ii"^ ^'i-A^S -"p- 

^ ■•■ / u" • X) "^n 5urv»'« an 



u^competefH. teacher. Being a successful teacher ^^^^^ 
a knowledge^ of science and th^learner.,a command of s«ent,tic 
techni^ues^n appropriate sense of the purpose and roleof science, 
and a desire for continuing self-improvement.. • 

Tochers themselves must acquire particular competencies i 
.heT ie o develop them in their students. Tea<^ers first must 
' acQuire scientific attitude's, thinking processes, skills, and knqwl- 
eSe They also must be competent fn the soaal .sauces, m the 
arf and humanities, and in the useof the-English language. These 
anrothi competencies cih be achievedonly if teactiersare gimi 
opporiLiies fSr self-evaluatien and seU-imp^^^^ 
ITd.) Competencies can be achieved through various ty^ 
Lrvice experiences. A checklist of specific ^^"^P^If^^^^^^Sned 
to eivt individual teachers an insight ^to areas that might need 
uprading is presented in Appendix OrThe followmg experiences, 
can help members of the staff improve, their competenaes. 




Staff Development Experiences That 
Lead to Improved Cflmpetendes. 



Teadiers can improve their competencies by parudp^g in the 
following activities: . ' 

. Special events scheduled for teache« to hear o"**.*^"^'^^? 

tts to observe demonstrations, to become acquainted with new , 
materials and equipment, and^o discuss sfKxial problenw or 
One should realize.-however. that isolated events have 
Utile lone-term effect without some follow-up. 

. SS=n.ke^^^^ of specified durauon with.qualified leada^^o 
a^mplish cSain spedfic objectives. Sudiprograms are effec- 
dv °Zy if the activi^S requirejeal Involvement o^^e Pj.tu^ 
pants and if a dose relationship exists among the acu\mes 
undertakeii to meet the stated objectives. ,„,u„ 

• On-the-job «perience in the dassroom where the teadiey^^^ 

and eviuat^e new materials and tediniques. Many of the 

instr^Xnal materials'and tedmiques have first been observed 

' by the twcherjit workshops and conferences, ^ 
courses conducted by colleges and upiversiues for 

' " g the competenaes of saencc teachers, ine^ 
course*^, neip-pteparelthe teadier . to^lead the students mtp 

• ScS'^rdiat-the collie or university levdr^^^^^^^ 

laboratories; o.r in public^vate. ^o^'^'^^'^'^lf^^^ 
This can involve fidd work in various saenufic disaplm«. It 
also can providl^ excellent opportunities for devdopmg the skills, 
^ atutudes; and kpproadies n^ed iij saence instrucuon. 




■ ^ .- 



Evaluation of the Ev,olvin§^ Science Curriculum 

The sdence.curriculumi^uld be undergoing evaluation through- 
out the design, devel pps^jlft and irriplementation phases. Th^ 
curriculum is ^^^^"^^^JmbK^^ S^'^ objectives/ fqr degree 
of reasonableness V ^Tfi^HKg^ of -the curriculum is in the 
achievement of the sfiSHPipi^ Parents or 

teachers may feel comfbnSole and satisfieEl with a corriculura- that 
is inadequate for thip progress of Jxklay's studerit; therefore, like the 
planning ' phase, • the evalu3ti6n phase of a scie^nce curriculum 
design shouW', be a joint effort of many individuals. Formative 
evaluation, that which is' accomplished during the planning and 
implementation phases, is essential. ^ 

•Student achievement instruments such as standardized tests, 
attitude 'assessment scales, and task performance devices can be 
used to rather basic data. All available data must be analyzecj^and 
evaluatedin terms pf a pridri criteria that follow logicaily from the 
framework goals and objectives of the new science curriculum. 
' Other less quantitative and mor^ subjective ahalys'^s may be used 
to examine the human interactions that occurred dilring the 
develbpnfeni and implementation phases of the design. Comments 
aod views of various individuals can serve as indicators of the 
extent to which the design has contributed to the overall benefit of 
the students, teachers, parents, ap^ adminisurators. Less stan- 
dardized evaluation devices are avdflable through the U.S. Office of 
Education and the National Science Teachers Association. 

The writing of a summative evaluadon of the curriculum should be 
scheduled at regular intervals to determine needed major shifts in 
goals or objectives, in materials, or in the science curriculum itself. 
This written evaluation should include not only perceptions and 
progress of the students but*also tho^ of the teachers and the 
support staff ^(including adminisurators). Factors such as facili- 
tfes usage, equipment availability, materials effectiveness, and 
[^dit and public acceptance also should be included in the 
evaluatidn. Evidence of a positive evaluation can be obtained in 
many, ways. By their participation in the various activiues, the 
is»tudents will* he expressing their attitudes toward -the science 
.program. Thfe success of the science curriculum will dep)end upon 
the contribudon made^ by each, district einployee and by each 
student. ' V 
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GbdJs 
and. 
Objectives 



Human beings need hot be 
driven ta hxplore, iq think, -to 
learn, to dream, to seek out 
problems for solution; they are 
intrinsically constituted to do 
just this. The learner is not only 
a pfoblern-solving and stimulus- 
reducing or^ani^ but also a 
problem-fiTiding and stimulus- 
seeking organisrh. 

\ ' 
J. W. Grteb , ' 
^'IinagM of the Qassroom and ' 
Vbions of the Istarhm/' in 
Learning Environments, edited 
by Thomas G. David and Ben- 
jamin b. Wrisfat* pa^ 10 
Copyri^t 1974, 1975 by the Uni- 
versity of Chicago 
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Instructional goalsyre general statements that define the desired 
ends of education; Collectives are more specific statements of the 
steps involved in reaching these goals. In this chapter goals and 
oljjectives c6nvey the intent of the science curriculum for kinder- 
garten and grades one through' twelve; 

The relative importance given xo particular goals and objectives 
may vary in accordance With different philosophical positions^ 
Care must be ij^ken,. however, not to sttess any one g6al to the 
neglect of other^v All of the, goals are interrelated, and each reflects 
a necessary aspect of scientific literacy- G^ntinual reassessment is 
necessary to ensure that each goal is consistent with changes in 
cultural values; societal prbblems, the needs of Teamers, and the 
current status of science. - 

The goals fpr science instructioi} are described under the follow- 
ing categories: (1) achieving scientific* attitudes; (2) achieving 
rational and creative thinking processes; (3) achieving manipula- 
tive and communicative skills; and (4) achieving scientific knowlr 
^edge. ^ . ' . ^ * T ^ . 

The learner's terminal objectives for each, of the four categories 
are shown on charts I through 4./rerminal objectiveTare broad 
statements oL instructional -intent for the total science program 
(kindergarten and* grades -one through twelve). Such objectives 
usually are stated by program developers iand by other groups 
concerned with the outcomes of 'the total science curriculum. In 
addition, some* examples of learner behaviors that are related to 
levels of learner developmenj. have been identified for each ter- 
minal objective. These exaniples are indicators of the expeaed 
level of , competency for the majority of students at particular gradfc' 
levels, in California's ptiblic schogls. \^ 



33 



\ 



25 



Chart 
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AVaihroent 
of Positive Attitudes 
. Toward Science 

Goal: To develop valties, aspiratidns, and 

attitudes that promote the individuals 
personal involvement unth the environ- 
menl and society . 

The learner's attitudes will determine what 
he or she will do autonomously, without 
extrinsic motivation, as a result of science in- 
struction. Because positive attitudes toward 
science and learning are prerequisite to 
effective learning in other goal areas, this goal 
area should be considered first. 

The terminal objectives presented in Chart ! 
define how a learner might behave as he or she 
perceives the scientist's "rules of the game/' 
establishes the personal and social relevance of 
what has been learned about sciAice and 
scientists,' and enjoys learning about science. . 
The grade Ifevels indicate where the behavior 
is most likely to be observed. The broken 
lines indicate th^t the specific behavior may 
be evident before this level is reached and 
should continue thiV?ugh §rade twelve. 



Terrninal objective 



•ERIC 



The learner: ' . 
ir*Shows"curiosity about objects and events. 



2. Shows an awareness of and responds in a 
- positive manner to beauty and orderliness in 
the environment. 



Applreciates and respects all living organisms 
(including self) and tbeir place in the environ- 
ment. ^ 



4. Takes an active role in solving social prob- 
lems related to science an^ technology. 



5. Weighs altems^tive scientific, economic, psy- 
chological, or social facttors- when consider- 
ing possible resolutions io some problems. 



•JO 



. / 



' ^Examples of , 
. i^uy er behaviors 



*^ - Approximate grade level where 
behavior is usiiallv observed 



. The ieameri . ^ , , 

• Finds pleasure in umamiliar object^ and events. 

• Shows a willingn<Sss to examirjie. arid organize 
objects and evem^j]i*the environment, . \ 

^ ♦Speculates aboijt^^^perties of siibi,)feances that are- 
not testable witlv^i^e's own resources. 

" ■■ ^ \ '^'-^ ' 

['•Expresses consdpusniess and/or pleasure in color, 

^ fbrm,. texture^ arrarigemera, or design of;objects 
. 'in the environment. ^ „ ' /'^ ^ 

♦Resp6nds*in a positive rnann^r to color, form r 
texture, arrangement, and'the design of objects m 
the environment. - 

^^^Searches for and reports evidence x)f omer.and 
symraedy when observing and irivestigatii^ otie's ' 
envfronmeht. - ^ 

•Shows respect for iH^ proper care of ali liyVig 

or^nisms- • ' : • ' " . 

'•Actepi^ responsibility f&r'therCare of Jiving 6rgan- 

isnvs.in natural and artificiaPenvironments. , - 
•Appreciates Both^ the. interdependence of< hving * 

org^isms in the natural environment knd the ' . 
nmplications of that interdependence for thejrton: 

tinued survival. / 

•Prai^ices conservation in use of food, energy, and 
materials; e.g., avoids wasting paper. 

•Expresses an opinion on a social issu^e.g., land 
use, alternative energy sources), using knowledge , 
of science and technology to support his or her 
opinion. ^ 

•Seeks to influence* the views and behaviors of 
others with respect to conservation, environmen- 
tal problem^ energy use, population control, 
public health, and other social issues related to 

, Science or technology. 

•Recognizes the alternative factors to be consid- ; 
ered Vh^n examining possible resolutions. ^ 

•Values the alternative scientific, economic, psy- 
chological, or social factors when considering 
some problems.^ 

•Deliberately examines alternative poiryi^of .view 
on sdenyKc issues before forrning opinions about 
, them. . * . ' 
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Terminal objective , 



The learner: - , ' ^ - 

6. Organizes and reports the results of scientific 
( ^ investigations in in honest lind objective man- 



ner. 



7. Shows a williheriess to subject data ^nd ideas 
to the critici^ of peers. 



^ 8, Has a critical, questioning attitude toward 
inferences, hypotheses, and theories. 1 



9* t^abitually applies xadonal and ci;eadve think- 
ii% processes when trying to find relatioh- 
ships among seemingly unrelated phenomena 
and when seeking solutions to^ problems. * 



10. Gives attention to 'and values science: as an 
Endeavor of human beings, from air raciaU^ 
ethnic, and cultural groups,. • 



1 1/ Considers science-related and makes 

- . realistic decisions about preparing for such 
\f careets, taking into account tli? abilities, inter- 
ests, and pJreparation required. : . 



i2 



Approximate grade level where 
behavior is usually observed 

K y 2 3 4 5 6 7 8 , 9 TO I I 12 

. , ,. , — 

5 1.... .J 

.: - ;, ... '■ ' •. ■ -■9 ..-....„„„,.... 



Examples isif . 
learner behaviors 



The leamet: v. , 

^* Shows a willingness, to lo^ ortly those data he or 

she actually has gathered. ' ^ 

. • Forms opinions only after seeking^ a variety of 

data and ideas.. 

Assumes responsibility for reporting results in'^an 
honest and "Objective manner. 

•Readily admits own -'mistakes upon becoming 
aware of them^. y 

•3hows a wiHingnes^ Iktm critically to ex- 
planations- of others. . - . 

• Ppiots oui tlie limitations of one's own data. 

•Lisb^Sts to the^ ideas of others. 

Shows a willingness to respond to contradictions 
between data. 5and- theory. 

• Tests theories that do not support his or her own 
theories. ^' • , 

♦Spontaneously attempts to describe' an object or 
event that has attracted his or her attention, 

• Shbws a willingness to look for problems and to 
' note discrepancies: 

• Applies science probfem-solving techniques in a 
nonschool situation; e.g,, diagnosing what is caus- - 

- 'ing a car*s engine" to malfunction.. 

•Chooses to gather information. and report on the 
scientificixroptFib.utions of; other cultures.* V 

• States that- race, sex^ c5r nationality should not 
constitute a barrier to scientific study. 

• Values the scientific con tributions of humian beings 
I from various cultural groups. 

• Shows respect for the many sdence-related careers of 
people in bur society. 

•Values the abilities, interests, and preparation 
required for a sci|nce-reJated career. 

• Assumes responsibility for making a realistic deci- 
sion about the pursuit of a science-related career. 
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Attainment 
of Rational 
and Creative 
Thinking Processes 

Goal: To develop and apply rational and ere- 
''. ative thinking processes. 

The term thinking processes, as defined 
here, refers to the cognitive prbcesses involved 
in scientific iriquiry as well as those processes 
that are basic to ail rational thinking.' Such 
processes as observing, measuring, comparing; 
^f§nd classifying lead to more sophisticated \ 
proces^ such as in/^i7>g^ and 
theorizing. , ' > 

A major goal of science education is to; ' 
have learners use these processes in a cyclical ^ 
manner—moving from the generation of data,, 
through the building of 4iypotheses,, to th?^ 
application and evaluatidn of data and- " 
proieedures. ~ 

When die. data' generated by an experiment . 
prgve to be consistent with an hypothesis, the 
^hypothesis is supportefi, * :^ 

• -Some of the thinlong processes in which ^ 
thd learner engages during science experiences 
"are presented in Chart 2. The char,t*^takes into 
account the developmental levels of students, 
/and thus provides a ratipnafe for structuring 
learning activities air^p grade levels; 

The seltscted ex^aples describe only a few^ 
of the countless ways in which Jeamers may 
show that tt>ey arJ^ thinking rationally. Even 
' from this sparse sampling, however, one can 
easily see that me ability to engage in these 
{processes is. omiulative in nature. Although 
the ability laevaluate a situation critically 
may not dtvelop until early adolescence, all 
the procesj es requisite to judging (including 
observatioil and recall)^ stay with the learner / ^ 
as part of ajs or' her total thinking processes. 



Tenninal objective 




The learner: 

I . Develops ability to generate data by observing, 
recalliiig, recognizing, identifying, and jnea-^ 
J'^'^^ curing. • : ^ 

- . ■ «■ . • . ■ . 



2. Develops ability to "organize data by compar- 
ingV ordering, classifying/ aind reladng. r 



f 



3. Develops ability Ao-appiy and evaluate data 
and generate tbeori^ by hypothesizing, pre- 
dicting, irifening^-^gpner^ theorizing, ex- 
pteiriing, justifyiiig, and judging. ( 



4. Uses data-generating and theory-building pro- 
cesses in a cyclic nianner to solve a problem; 
i.e., participates in sdehtific inquiry for the 
appropriate lev^. ' 



44 



Examijles of * 
learner behaviors 



The learner: . ^ . , 

• Examines objects Carefully, using a combinatibn 
*of senses to cohect and process data, deriving 

meaning frorh the. observation; and sees the need 
, to.use simple instruments, such as hand lenses to 
aid the senses in making observations. 

• Determines the need to Vepeat observations as a 
means of improving' reliability; decides to use 
measurement as a nieans to improve observations; 
and identifies changes in properties and rates of 
change. ^ ^ 

• Differentiates constants from variables and iden- ^ 
tifies correlational changes and variables. ^ <^ 

• Perceives similarities and differences in a set of 
objects; and separates a set into groups according 
to a sinjgle characteristic such as size, shape, or * 

-xolor. 

• Develops arbiurary classification systems wherein 
objects can be put into mutually exclusive cate- 
gories and uses quantitative measurement as a 
critierion fpr grouping. 1^ 

• Groups on the T)asis of a continuous variable; 
developts a classification system consisting of two 
or more stages or subsets with mutually exclusive 
categories; and uses an accepted classification 
system to key or identify objects or phenomena. 

• Identifies statements or data that have no direct^^. 
relationship to the solmion of a specific problem 
and identifies contradictions within the data. 

• Examines environmental issues; pointing out con- 
tradictions and discrepancies in the positions of 
various groups; and gathers data" to form own 
p<!^t of view to resolve any earlier contradic- / 
tipns- • - «^ 

•Defines a problem related to a discrepant event. 

• Identifies data needed to test gp^ hypothesis; desi^s 
an experiment to generate the data; records and 
organizes data; and evaluates the hypothesis in 
light of the new data. 



- Approximate grade, level wh^e 
\ ' behavipr is usually observed 



K I 2 3 4^ 5 6 7 8 9 10 -11 

K. — 



8 



12 



5- 



10- 



1 



of Manipulative 
and Cafnmunicative 
Sldlis in Science 

Goal: Tf> develop fundamental skilh in the 
manipulation of materials and equip- 
ment; in the care and handling of living 
organisms; and in the collection^ 
mgahization^.and^m of 
scierttffic informa^n. 

Many different skills are needed when a ' 
leiaaner employs his or har thinking prqcesses 
to develop a conceptual understanding of the 
natural* environment. The learner gathers 
infomjation by observing, manipulating mate- 
rials and equipment, reading, communicating, 
using meaSWtipg instruments, and handling 
living organisms. His or her-imguistic,/^ 
mathematical, graphical, and taBulaiy^ills* are 
used to* record and organize infori^tion. A 
inajor goaf of science education, is to provide 
opportunities for each learner to develop and 
Lise' his or her manipulative and communi- 
cative skills, . , f ^ 

MaAy areas of -the cuniculum -are ^m^ 
related with the learning of skills that are 
critical to science education. Reading,^ writing, 
speaking, and listening skills are all basic to 
the coqfTtauriication needs of science students. . 
Many of the skills- included in Chart 3 are ^ 
coHunon '^oss a broad -spiectrum of occupa- 
tions. AccountSants, salespersons, bankersi, engi- 
neers, social scientists,, physicians, nurses, and 
scientists must be able to obtain, record, process, 
. interpret/ and report information and to : ^ 
communicate ideas in a clear, convincing' 
manner. Thus, this skills goal is riot only 
critical to science education, but it is also 
-important in the development of competencies 
that are required for effective citizenship. 



The learner: 



1 . Assembles and uses laboratory ^PP^jijfi^Ky)!^' 
and materials in a skillful manner. 
attention to accident prevention. \ ^ 1 



2. Demonstrates proper techniques fof ^^^^wj^^ 
• and caring for living organisms.. 



3. Gathers the descriptive and quantity 
mation needed' for developing or ^^^n^ v ;/ 
ences and hypotfftses by making ^^a^yiS 
objective observations oi things ^^p*^^ 

4. Gathers needed jnformation, whict^^^ \ J 
generated 1)y others, from a variety^ ^Vv>^' 



5. Records observations accurately zn^ th^K ti^^ 
data and ideas in ways that enhance 
fulness. ' ^ 

6. Communicates with^ others (orally \Jf^ 
ing) in a manner that is consistent ^/^n^ 

^ edge^of scientific conventions,.-an4^£j.^li 
the learning of the listena-s or rea^ ^ 

7; Uses the International System of '. 
\ metric ^system effectively. ' ' 
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Approximate grade level where 
behavior is usually observed ' 
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Chart 3 (Cortinued) 
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Terminal objective 



The learner: 

7. Uses the Intemarional System of Units (SI) 
/metric system effectively (continued). 



Applies appropriate mathematical concepts ' 
and skills in interpreting data and solving 
problems. 




\ 



\ 




A 



pies of 
learner behaviors 



Approximate grade level where 
behavior is usually observed 



The learner:^ 

• Measures Hrwsar distances using a metric ruler, i 
and uses a / balance to determine the mass of 

' objects. / ^ , 

' ^Measures volume of liquids in a graduated cylin- 

* der marked in millilitres- 

^ / ■ ■• . ■ . ^ 

•Calculates rates (speed, flow, and the like) from 
dai^ v / y 

•Finds inean (averagt^^median, and modes of a 
/ series of measurenients, ^ , 

•Uses j>bwers .df ten (exponential notation) to 
express very large or very small numbers. ^ 

•Determines degree of precision of measurements 
, and quantities derived from measurements. 

; Uses^/ calculators and computers to advantage in 
manipulating data and solving problems. 
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Attainment \ 
of Scientific 
l(no¥fi|edge 

Goal: To develop knowledge of processes^ factSj 
principles, generalizatioTis, and applica- 
^ Hdhs^the products of science^ctnd 

encourage their iise in the interpretation i 
of the natural environment 

" The acquisition of organized knowledge is a 
long-range goal of science and science educa- 
tion. When the learner is able to understand 
• different contributing facts, unifying princir 
pies; and i0evant prbcesses, then he or. she 
begins to know what organized knowledge is. 

Some kno\yIedge'wiIl be acquired as a by- 
product of instruction intendeci to develop 
attitudes, skills, and thinking processes. Other, 
knowledge, especially at the secondary school 
level where content information becomes 
, increasingly prominent, is a deliberate objec- 
tive of instruction/ At all levels the knowledge 
goal must be in balance with and consistent 
with the other goals of science education. 

Four types of knowledge can be highlighted as 
components of this goab . 

1. Knowle(^e that enables the learner to ver- 
balize the thinking processes and skills of 
scien<:e. Examples of . learner behaviors - 
related to.the acquisition of kn9wledge ar<^ 
included la Chart 4 under Objective 1. 

2. Knowledge that includes* the content, basic 
concepts, and structure of the major dis- 
ciplines in science Ce g., physics, biology, 

' and^astronomy). Statements of the content 

' ' and major concepts and structure of a 

- given discipline' are readily available else- 

'■■^^ where. Examples of learner behaviors 

* related to the major disciplines are 

' included under Objective 2. 

ERIC , ''■ . 




Terminal objective 



The learner: 

1. Demonstrates knowledge of the:processes of 
scientific inquiry. - ^ . . 




2. Demonstrates knowledge of the content of the 
major scientific disciplines. • . 




* Examples of 
learner behaviors 



.Approximate grade level where- 
' behavior is usually observed 



The learner: - , . ; a ^ 

♦Distinguishes between the' process of atrial and 
error. and. a more controlled investigation, 

• Matches names. of various processes and products 
of scientific inquiry-, with examples; e.g., data, 
theory, experiment, and inference. 

•Criticizes a scientific investigation, pointing out 
the procedural steps that have been omitted or 
inadequately perfc^med. . * ' 



the scnai 



Astronomy^ 

•Identifies the planets in the scfTar system. 
•Recognizes that the motion and path of celestial 
bodies are predictable. ; " 

•Identified the regular movements of the earth and 
moon. V 

Biology * , 

•Identifies and^escribes living things that ^row 
and develop in different envirolimems. 

•Recognizes that the capture of radiant energy by 
green plants is basic to the growth and main-, 
tenance of living things. 

•Recognizes that a living thing is a product of its 
heredity and environment. , 

Chemistry 

^Recognizes that matter exists as solid, liquid, or 
gas, ^ 

•D^onstrates that in cl^emical or physical'changes 
the total amount of matter remains unchanged. 

♦Recognizes that in nuclear, reactions a loss of 
matter is a gain in energy and the sum of matter 
arid energy remains constant. 

Geology . 

•Recognizes that the earth is coi^istantly changing, 
•Recognizes that rocks contairi one or more kinds 
of minerals. 

•Recognizes that volcanoes change the earth's sur- 
-face by building mountains. > ^ 
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Chart- 4 (Continued). 

3, Knowledge that is composed of broad 

, generalizations th^t interrelate the many 
facts, concepts, and principles of dll the 
sciences. These concepts are basic to many 

— disciplines. Examples of these broad 
generalizations are given in Appendix A, 
and examples of learner behaviors related 
' tb them are included under Objective 3. 

4. Knowledge of how science and technology 
affect society. This concept of knowledge is 
relevant to the needs of the learner. 
Examples of learner behaviors are included 

. under objectives 4 through 8.* , j 



I 



^Terminal objeaive 



The le^er:^ |* " 

2. Demonstrates knowledge of thfe content of the 
major scientific disciplines (continued). 



D.em6astrates understanding of some basic 
generalizations, rdationships, and principles 
applicable to all the sciences. 



Examples of 
learner behaviors 



Approximate grade level where 
behavipr is usually observed 



The learner: -y ' - 
Physics 

-•Recognizes that energy must be applied to pro- 
V . -duce an unbalanced force, resulting in motion or 
, ' ^diarige in motibri. 

.•Demonstrates that the amount of energy a^machine 
produces does not exceed the energy consumejd. 

•Demonstrates the relationship betw^eft magne- 
tism and electricity; 

The follov^g are examples of learnec behav- 
. iors related to major conceptual organizations of 
^ scientific knowledge- A more complete discus- 
sion of these Iconceptual organizations is pre'-. 
* sented in Appendix -A. 

Most-events in nature' occur in a predic- 
table^ way\understandable in 'terms of a 
cause-and-efF^ct relationship; natural law^s 
are universal and are demonstrable through* 
out time and space. 

The learner^ - 

•Identifies simple cause-and-effect relation- 

- ships; e.g., an object Jbeconte^ hot -when it is 
held over a flame. 

•Uses a complex cause-and-effect relation- 
ship to make ^ prediction; *e.g., by using 
^. data on .relative positions of the sun and 

moon at' various times of the month, the 
learner can predict when the highest and 
lowest tides/will occur. ' 

- •Explains th^ jiature of a statistical predic- 
■ . tion invplvihg many individual events of 

loW^n^edj^ e.g., radioagtive decayNor 

, popijlatioh^o 

Frames of reference for size, position, time, 
-andVnotipn in space are relative, not absolute. 

lonstrates knowledge of Si meuic system 
units and ho\j they are used. 
• Explains why a beam balance will give 
identical results on the earth and moon and 
why a spring scale will not. 



B 



K ^ 1 2 K 4 
i 



6 7 8 - 9 10 . 11 .12 




1 



1 ...„.„ 



8. 



10- 



/ 



10- 



ERIC 



'3 • 



39 



Chart 4 (Continued) ^' 
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. Termmal objective 



The learner: . ' 

3. i)emonstrates understanding of some I^asK^ . 
eralizaiioDS, relationships, and prineipjestap.r>4 
plicable tq all .the sdences (continued);, ; v 
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Examples of 
learner behaviors 



Approximate grade level where 
behavior is usually observed 



C. Matter is composed of particles which are in 
constant motion. ■ ■ 

The learner: . 

• Describes chang&s that ^tal^ place as htat is 
applied to an ice cube ^nd-then to watef until 
it boils. 

•Explains^ the changes that occur as heat is 
applied to an ice cube (usiijg ideas of moving 
rpolecules, attractiv^e forces, and relative dis- 
tances between molecules). ' • 
• . • Describes, with the. use of mQdels, how prop- 

^erties of elements are related to the structure 
of thffir atoms, 

D. Eifergy exists in a variety of convertible 
forms. . O 

• Recognizes that fuels are burned to generate 
electricity, heat homes, prepare meals, aiij 
the like. * ' 

* •Identifies examples of the various forms 
energy, including kinetic, potential, mechan- 
ical; heat; chemical, electrical, radiant, and 
nuclear energy.; 
•Designs and constructs a device involving at 
least four separate energy transformations, 

£. Matter and energy ^re manifestations of a^ 
single entity; their sutft in a closed system is 
constant. 

• Recognizes tHat, in a closed system, ho appre- 
ciable mass is gained or lost^n phase changes 
qr chemical reactions. 

•Describes, using appropriate equatioir\s, nu- 
clear transformation that rjesults in conver- 
sion ol mass to energy. * \ 



F. Tjirough classification ^sterns,, scientists 
bring order and unity;^»-^pparently dis- 
similar and diVtrse natural phendrtiena. 

• Identifies pairs of objects with similar char- 
acteristics. ' ' - 
•Describes" 'the **rule*' characteristic, or system 
hi classification used to sort a grovp of mis- 
^ ^cellahebus objects', * ' ^ 
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Examples of ^ 
learner behaviors 



The learner: - 

^ •Develops and applies a dichotomous key to 
classify an assoftment of plants. 

• Names the major groups within a plant and 
animal taxonomy (e.g., phyla); ^ 

•Recognizes that classification systems (e.g.. 

plant and animal taxonomy and the periodic 

table of ^ements) are made by human beings 

for the use of human beings. 

/ r ^ 

G. Living organisms have universal properties. 

•Matches pictures of animal parents and off- 
spring, - ^ ^ ^ 

• Observes and describes qualita^e and quan- 
titative ways in which individuals a spe- 
cies vary. 

• Writes a thoughtful essay on^the topic, ''Is^ri- 
Organism a DNA^MoIecule's Way of Making 
Another DNA Molecule?*; 

•Cites majbr processes and assumptions re- 
lated to Darwinian evolution, y- 

H* Units of matter interact. ^ 

H-1. The ba&s 6f all interactions are^.electro- 
.magnetic, gravitational, and, nucleUr forces 
fields beyond^ the vicinity of 

their origins* - * , . 
•J^edicts the/i^ of a magnet with 

/- viarious objects. ' * • . ' / \ 

Explains the function^ ef^an electroscope, 
using^ the concept of repulsion ^ of like . 
clxarges. 

• Using laws of gravitation, explains why a. ^ 
person "weighs'* less on the moon than on 
the earth. " , . 

• Explains show chemicals bonds between atoms ^ 
. .reiult from electrical attraction between nu- 

. ciei and electrons. % 

H-2. Interdependence and interaction with the en- 
vironment are universal relationships. 

• Matches major organs and systems of the , 
• - human body with their functions. 



Approximate grade levels where 
behavior is usually observed 



K 1 2 3 4 5 6 7 8 9 I0\ll 12 





10 .. 



K 



10 



10„.........„. 



.3, 



10.......: r 



Chart 4"(Contipuecl) 




ERIC 



. J 



Terminal objective 



The' learner: 

3. Demonstrates understanding of some basic 
generalizations, relatii^nships, and principles 
applicable to all the sciences (continued)* 



4. Demonstrates knowledge of relationship bc: 
tween science and society. 



5. Demonstrates knowledge of science-related ca- 
* reer^and the preparation needed for such 
careers, . . 



6:. Demonstrates knowledge of the contributions 
/ to spience and technology made by men and 
.women of various races and nationalities.^ • 



•53 



Examples of 
Ictirner behaviors 



The learner: \ ^ 
• Names and describes^ in sequence, the pro- 
cesses of the water cycle. 
•Identifies the major links in a food web. 
•Describes the effects of human activity on a 
.piarticular environment and vice versa. 



H-3. Interaction and reorganization of units of 
matter are jilways associated with changes in 
energy, y ■ 

• Predicts what will happen when a piece of 
wood is placed on , a fire. 

• 'Gives examples of exothermic'and ehdother- 
•mic chemical reactions. 

•Traces the energy flow in an ecosystem. 
•Describes ways in which an organism, to 
. maintain its complex structure, must utilize 

enei^ and create disorder (increase eruropy)-^ 

in its surroundings. 

' •Gives examples of ways in wrhich the use of 
-scientific knowledge has af^cted society. 
•Describes, aspects of a society that tend to • 

enc6urage or inhibit the advance of science. 
•Identifies types of data that should be col- 
. lected and used ^in deciding Qp the jdeal 

location for a park, factory, or- apartment 

building; and in predicting the consequences. 

of locating same in various places. 

•Compares the work done by people in dif- ' 
ferent occupations, iiicluding one involving 

science^ f^^H - 

•Identffies ways in which career^ such as en- 
gineering, medicine, chemistry, or agricul- 
' ture are related to science. ' ^ 

• Names science-related careers that h^ or she 
might consider and describes preparation 
needed for such careers. ' ; 

• Matches sigriificant discoveries^ persons who 
made the discoveries. Y 

• • Relate?time and place of im^rtant advances 

in: science and technology to' prevalent con- 
ditions and contemporary events. 
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Approximate grade level where 
behavior is usually observed 
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'Chart 4 (Continued) 
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Terminal objectives 



The learner: * 

6. Demonstrates knowledge of the contributions 
to science and technology made by men and 
women of various races and nationalities 
(continued). ^ 

7. Demonstrates knowledge of the relationship 
of science to other areas of human, endeavor 
(e.g., art, history, and government).. 



8. Demonstrates knowledge of the ways in which 
- attitudes, thinking processes, and skills can be 
coupled with content knowledge and used in 
p)ersonal decision making. '\ . 



Examples of 
karner behayiors 



The learner: 

<■ • ' ' . 

•Des<!ribes instances in which a major scien- 
tific or technological advance has been based 
on the work of persons of several races and/ 
or nationalities. 

•Gompares a variety of artwork possible using 
only naturally occurring media with other 
artwork created using synthetic materials. 

•Creates materials to produce artwork. 

•Desaibes how modem dating techniques con- 
tribute to knowledge of earlier civilizations. 

•Given a list of foods, identifies items that 
would constitute a nutritious, balanced meal. 

•Given manufactiirer s literature and consu- 
mer research data, selects- an item for pur- 
chase (e.g.,"^ bicycle, dishwasher, or car). 

• Uses data from scientific investigations to 
present a position on a political issue. 
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Approximate grade ftevel where 
behavior is usually observed 
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Use of Goals and Objectives in 
Planning and Evaluating 

Each of the.ieaching behaviors and evaluative techiiicfues pre- 
sented in the following chapter needs to be considered in .light of 
its effectiveness in assisting the learner^ move toward the goals 
and objectives. The diversity of objectives clealrly demands a diver- 
sity of skills and strategies on the part of the teacher. 
' A lesson that seeks to helpuhe learner appr^iate and respect all^ 
living organisms. and their place in th^ environment and develop ^ 
techniques for handling and cairing for living organisms in a 
proper manner requires a different approach than a lesson that is 
aimed dt getting learners to demonstrate their awareness of pro- 
' cesses of scientific inquiry. Both are necessary. The evaluation of a 
teacher's effectiveness (including his or her self-evaluation of^effec-^ 
tivenes^) should deliberately be planned and conducted so as to 
* assess effectiveness in the four major goal areas. 

A course of stady that was developed as part of a <:ooperative 50- 
county project is ava^able from the office of any county super- 
intendent of schools^ ' ■ 

Planning and Evaluating the Curriculuni ^ 

The goals and objectives are of major imporjlnce in the develop- 
ment of curriculum and the selection of instructional materials. 
(This is-discussed in detail in Chapter 2.) Every -lesson or, segment 
of the, science curriculum should be designed -with 5om^ of the 
objectives in mirid (and should not -work counter to the achieve- 
ment of any of the objectives), and the total sciencexurriculum for 
each student should be diriected toward a// the objectives. The use 
J of these bbjeotives as a checklist in^ analyzing the present cur- 
riciilum may reveal deficiencies that should be corrected when a 
new curriculum is being planned. Evaluation of learner progress 
must be madi? in all of the foucr goal 2ireas; otherwise, teachers and 
learners will begin tb concentrate heavily on the areas that: are 
assessed, and the program will , become unbalanced. ; 

■ * - ■ ' ' • 

Evaluating I^anier Achievement 

' ' ■ '*. , ' . 

The sample learner behaviors" presented here may serve as a 
guide to teachers and students in defining the additional behaviors 
they hope will result from the learning process; however, n^o 
attempt, should be made to predetermine all the outcomes of 
learning in specific Behavioral terms. More importantly both 
teachers and learners should become sensitive to and value a wide 
variety of behaviors. 

The goals and objectives also can be used in the development of 
graduation requirem^^nts based on broad interrelationships rather 
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than on course outlines. For instance, a science program might be 
' concerned with the relationships between matter and energy in 
biological and physical systems,^ '[] 

Science Edxfcation and . the Community 

, * Science education does not function in a societal vadium. The 
. perceptions and interests of members of the school community canx 
have great impact on science programs at all grade levels. Public \ 
'\ information programs should be used to stimulate awareness of, 
and interest in, science education. Active community involvement 
in science instructional programs sholild be encouraged because 
education is both a function and a responsibility of the total 
community. 

The school community consists* of all those who win benefit 
from the science. program; students, parents, people in industry 
and lab6r, and concerned individuals. It also includes those p>ersons 
' who are charged with the responsibility for such instruction: 
teachers, administrators, counselors, paraprofessionals, volunteers, / 
and members of the support staff. Each of these individuals 
should obtain specific information about the basfc goals and direc- 
tions of science education. School administrators can shape, and 
give direction to these programs by providing a comprehensive . 
two-way communication process, • 
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Learning 
Envirpnment, 
Instwctlon^ 

Evaluation 



. Learning Environment for Science Instruction 

i The learning environment for science is the s^ti^^for the entire 
process that leads toward student achievement of tflyesired goals 
and objectives. It includes the teacFifer, the stude^^the physical 
settipg, and the instructional strategies' that are useqto accoriiplish 

desired result's that can be measured, (See ^Figure 3.) 

. ■ . •* 

The Teacher in the Educational Process 

Prime ingredient in any learning eriyironmfent is die teacher, A 
free of freedom normally exists for the teacher to use his or 
teaching style to bring about the desired student achieve- 
1 science, - " ' 




Fig. 3. Learning environment for science instruction 



65i 



One my tfi of contemporary edu- 
cation iTthat most learning 
takes place in a cloisroom and 
depends upon the physical pres- 
ence of a teacher, printed teo^ 
books, and "proper motivation." 
But it is possible to distinguish 
between learning environments— 
which are characterized by a 
profusion of interesting, novel, 
and usefui'objects designed to be 
manipulated,'' smelled, measured, 
and arranged — and the typical 
American classroom, which is 
inteiided as a teaching environr 
pient. 

Robert Soitimer' and Franklin 
Becker 

"Learning Outside the Class- - 
room," in Learning Environ- 
mrnts. edited by -Themas G. 
David and Benjamin D. Wright, 

" page 75 ' 

Copyright 1974. 1975 by the Unt- , 
versity of Chicago 



Teacher training, district staffing patterns, and school organiza- 
tion are important factors- to be considered in determining what is 
the most effective teaeh^ing style fpr aparticiilar system, school, or 
cFassrooml Teachers tend to teich as they have ^ been taugh'L 
Elementary sch<x)l teachers historically have acquired a general 
education while attaining their teaching aedentials. Secondary 
school science teachers have received much of their fbrmal^ediica- 
tion in the academic disciplines of science and mathemati<;'s. The 
emphasis of instruction a^ the elementary school level has been to 
attain a basic education to enhance the well-being of the indi- 
vidual* while at the, secondary school level the emphasis has -been 
to master the discipline. Academicians in the past have relied on 
the' lecture technique as a preferred teaching style, to impart- the 
content of a discipline. \ J 

Teachers requije extensive stuHy in the field of educatiorito vary 
their teaching styles.. Group :activit'tes and individuialized ap- 
proaches require different\ea«her skills than does lecturing, Jndi-. 
vidualization of instruction ii an instructional strategy that re- . 
quires, the teacher lo maintain'^a teaching style of serving as- a 
manager of students and materials to deal with the wide variety of 
problems .that confront students when, they must assume some 
responsibility for the education they seek. 
\ Varied teaching styles can be used to give, learners interesting 

' experiences in science if the school has either self-contained class- 
rooms' or open-space learning areas and if teachers are allowed to 
use flexible staffing^atterns ■ 

Preservice preparation. Creative preservice preparatiori of the 
potential teacher and the continuing process of updating and 
refining compe'ten^e^^^ence instruction throughout the teacher's 
career are importari^^nors that contribute to the creation of an 
exciting environmefe^- learning science. 

Because teachers oWn are inclined to teach a subject in much the 
same manner as they were taught, some of their collegiate science 
experiences must be consistent vrith the types of science curricula 
( onsidered most, appropriate for learners. Cksiirse content coverage 
raust also be 'tailored to the prospective needs of tj^e teacher. In 

" many instances breadth of>coverage is of greater impprtai>ce than* 
depth of coverage. Science must be taught as a creative human 
endeavor, utilizing processes, skills, and content thai can be apprb- 
priately applied to other areas of knowledge and, most impor- 

^ lantly, to solving the problems encountered in daily living.. 
Staff development. School disurict administrators, county super- 
intendents- of. schools, and university directors bear the major 
responsibility for giving teachers and other members of the school's 
staff opportunities to .improve their competencies. Some sugges- 
tions ^fdrimplem^inting staff development are the following: 
• Through the cooperative efforts of all educational personnel 
(administrators, supervisoirs,- and instructors) within a school 



, district, determine staff science knowledge as well as instruc- 
; tional needs. Assessment of needs should include the deter- 
mination of the instructional behaviors teachers currently 
using. One should identify the disparity betw.een current sci- 
ence teaching rnethods and the methods required to Jichieve 
the goals of -science stated in this framework. ' \ 

• Provide school staffs with various sources of science informa- 
» • tion (e.g., newsletters, bulletins, progress reports, periodicals, 

and journals) for their continuing education. 

• Plan and conduct both long-term and short-term programs 
that include^ alternative activities designed to improve com-/ 
petencies in science curriculum and instruction. 

• Capitalize on available resour<?es in the community, and co- 
^ operate with other agencies that sponsor programs for improv- 
ing the effectiveness of science instruction. , 

^# Provide released time for professional growth activiues. 

School districts should be able to assess theirrstaff development 
efforts- A daja analysis sheet, an example of which is shown in 
Appendix E, may be used in such an assessment. 

The Student as the Center of Attention 

Students need ;:to be provided a science education that^s con- 
sistent witfv their needs and desires and also with society's wish 
that they funcuon as scientifically literate citizens. . 

Group instruction 'traditionally has met the goals of both the 
teacher and student with varying degrees of success; Individualized 
instriiction provides a structure and allows autonomy for the 
\tudent to determine activities to be pursued in achieving the goals 
and objectives of the teacher and studeht.The most fully developed 
individualized program would pWrde a rich learning enviroii- 
ment from which the student could select activities to achieve his 
or her goals and objectives. 

To individualize science teaching) the teacher must provide 
students with experiences and activities that have personal mean- 
ing aad are at the same time scientifically accurate.cThe ultimate 
goal of individualized learning, then, is a self-motivated learner 
who is interested in science and is capable of making rational 
decisions concerning science/ ^ * . 

While educators have attempted to meet the individual needs of 
students, they also have realized that the range of individual 
differences is extremely broad. 

Many individuals in the school population are beirig labeled 
exceptional students. The t^ exceptional refers to a significant 
number of learners who, for a variety of reasons, require other than 
routine curricular treatment. The term includes individuals cur- 
rendy classified as (1) mentally gifted minors (MGM); (2) bilingual- 
bicultural learners; and (3) students with a variety of physical, 
emotional, or learning impairments. 




Supplemental funding has been available to locail school'di^ . 
tricts through ihc California State Department .of Education frpni^^ 
federal funds, and most school districts have taken advantage q^t * 
this source. of funding' lo augment their regular curriculai offer- 
ings in all subject matter (disciplines, including scienc?. The 
programs lend to stress activities leading to a high level of indi-- 
vidualizaiion and are often- rnterdisciplinary. 

The highiy miDtiVated- and talented high school science student 
can study college-level biology, chemistry, or physics by pariidpat- 
ing injhe College Entrance Examination Board's Advanced Place- 
ment Program, College credit give^ if the student siuccessfully^ 
passes an examination offered by the Educational Testing Service:^ 
In some school districts advanced high school students cafi^ehroH 
part-»titne irKconimunity college courses. ' ^ 

' In California schools^any students Have a primary language ^. 
that is other than English. Until recently little afttention was ^ : 
directed to sifch students, but some science materials now are avail- 
able in Spanish. Additional insu^uctional materials ate.needed in 
languages other 'than English. 

"Science materials for visually handicajiped students have been 
developed in receni years. These materials jnvdive extensive ^^'hands 
on" experiences that rely on senses. ot her thlin sight tQ provide the 
experiential Jt)ases for c^Itept development/ In ^milar fashion 
•adapiadqns^-of science expriences have been developed for studmts " 
with hearing impairments and fpr those with a variety of oiner 
physical disabilities that make acquisition of motor skills difficult' 
or impossible (e.g., ^individuals; yith" cerebraL jpalsy, paralysis, 
specific dysiexia, and the. like). These stadenti require modified 
apparatus and approaches" that* designed to allow.; thern to 
corilpensate for these disabilities. Various means of working with 
handicapped students are availattle. ' j . ; ^ 

Other individuals have- learning dysfuncilcwis a 
variety of inijerent, cultural, •o^ emotional causes that are qualita- 
tive, rather than.merely quantitative, in nature. For sucli learners 
more i^ required than merely to slow down and thus tajte longer to 
**cover" the science concepts. Rather, special materials, proceeding 
from a learning philosophy that acknowledges this distinction, are 
required, and some preliminary efforts have been made in this 
direction. ' ' * , • 

Eajdvslearner has different abilities. Efforts should be made to 
meet each, learner's needs to attain a science education com- 
mensurate with his or her mental and physical abilities. 

The' Physs^l Setting 

The physical resources 'of the entire school plant and the com- 
munity should be taken into consideration in planning the science 



^Additional informadgn may be rcqucstcdiffrom Educational Testing Service** PrO. Box 
1025, Berkeley, CA 94701: l 7. ^ 
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i^stfut^onal program. 3Tt o^imum physical setting for saence^ 
: instfuctioilTbFovid^ 
. and sintiall-gro^ mstnjction,' labotator^ 

^;i6ncc^, ! deijipnsirations,; audiovisual pre^rotati^^ sei]^fnari, and 
li^ividuafl ^^roj ry ■ ^ - ; ^ 

The .change in eiTiphasis in science inshTJCtiolpt 
friAii' tfv^ T>rese^^^ of factual inforrnatiori to the learning of^^ 
principiei ;and concepts through involvement in laboratory, anc^ 
muliimedia' experiences has had a profound iippact on^lfe 

» cal facilities required for science instruction. Implement^tiori of 
the various elementary science programs may not require el^hormt 
laboratory facilities; however, tables* are necessary and a sink is . 

• hi^f desirable, Secondary school facilities must -safely and effi- 
ciently accommodate complex laboratory procediires that inv^ 
the use of volatile and fl^In^^eliquids or cbirpsive chemicals: 
FadliUgs^STTJfc^rap^ and replacement of these- 

materials also shouTiyJei^ and utilized, in iccord* 

ance with local and state safety regulations and requiremi^ts. 
Science learning centers or resource rooms . can be used to pro- 

' vide for individual student needs. The rf^t^ure of these facilities 
woul'd differ somewhat bew^ the elementary and secondary 
levels; ^however, a table, storage spa4e, and'la sftik. should be made 
available to pm vide |pr individual and smill-group laboratory 

^ activities. The students also will' need a variety of materials, 

T equipirndit; and reference books. 

; A fencdif* outdoor environriiental study area with a southern 
exposure can be an excellent resource for an . etemehtary school 
plant or secondary science facility. 'A small, shallow pond can be 
•used for observing plant and animal development and for provid- 
ing live specimens for classroom use. A gar dening or pldntinf area 
should be included. A greenhouse can aho be a, valuable instruc- 
tional resource. - . ^ ^ ' ^ 
tJse of supplies cmd'iqmpment. The changes in emphasis in 
/scionce instruction require the careful selectioxi and management 
(S^iaterials:. Allowing for ''hands on" experiences requires. a wide 
^^^iety of supplies and equipmeni that must be readily available in 
adequate supply andan good, condition. These niaterials usually 
are purchased as compiete-ki'ts. Frequently, at thefecondary level, 
.basij equipmeni and WPPh itejns are purchaseci for use by several 
departments, and specialized-materials are acquired as necessary 
for' the individual programs. ^ 
Many supplies -for. science experiences can be^pbtained at no cost 
.=>by using, i'tems that are available in the schQpl or in the honie. 
- -Becausit science learning requires students to wcprk with equip- 
ment, safety precautions are es=^ntial. Teachers should exaniine 
and use the equipment^ and materials to check out possible ha2ard$, 
organize the classroom to facilitate supervision, limit the group 



size inrf^ecific activities, arid aliow^sufficient iifne^reachzctivity. 
Spedal qonsideration should i^^^ r^uiririg the use of sa^^^ . 

glasses 01* goggles whenever caustic> abrasive,. orjolHerwise dan- ; 
gerous materials are to^'be used; Jf the ^dlitilfs of'eqyipment kte^ 
ROt appropriate for certain activities, the activities should not be 
allo]iyed. ^ . ^ . . 

Before jequiring activities with plants, the teacher should deter- ; 
mine whether any student is afllergic to certain Sowers or molds. 
The care snd use of ahirnals in the instructional program must 
conform with local school policy and with the California Educa- 
^^LionCode: Section 51540 (formerly Section 10401) of the code States 
that live animals must .be housed and cared for in a humane and 
'^fe manner. They must not be experimentally medicated, drugged; 
or treated in a manner that would cause pain. ^^ 
....*■ , '•. , \ , ■ 

InstructioBal Stiategies for Achieving 
Scifflce Goals and Objectiyes f * 

Science instruction must involve: (!) the nature of the subject 
area to be learned; (2) the gods and objectives for the subject; 
(3) knowledge of instructional strategic that facilitate learning, 
Withdut a rfeasonable balaniee among these aspects, the instmc- 
tional . goals wilLnot be . realized. . 

The purpose or this ^ramework^is not to present an endless array 
of learning theories/ Its ptffpose is to provi(jie basic considerations 
for teaching science, considerations that are derived from several 
different theories, each of which is iipportantiin planning science 
instruction. ' . 

. All learning theories imply that learning moves from the fdmil- 
iar to the uiifarhiliar. Human thought progresses from hazy, vague 
ideas about objects and events to notions that are more clear and 
distinct Thus, what is spatially near is more effectively introduced 
before that which is spatially distant. A jangible idea shdjjld be 
preserited before an ii^tangible one. The present is be^t stiiiied 
befcfk-e the remo'te past. In science instruction Ihe conaete^.obiserv- ' 
able, and reproducibli? events serve as a data base for concept 
formation. At the same time, they offer possibilities for dreadvjty • 
and ihiagirtation.^. " ■ ; ;\ . * , 

' .Instructional strat?giess^ncompass the action plans that teachers^ 

^generally use to elicit, observe, anH evaluate student behavi^jr 
related tp long-range, goals and objectives). Teachers use tech- 
niques and seject'learning activities that are consistent with each^ 
strategy and that are related to the attainment of specific learning 

Nyobjectives. : ' 

\ Instructional strategies and techniques are derived from what is 
k^wn about teaching^arning theorie^|4^methodolpgies,that 

:4iave been determin^c^o be approprk|^^ie learnihg^^yles of 
different stiTdents/ Strategies and techrShfp^vary within each goal 



^nd objiective, with each teachei^and with each learner or group of 
, leaiTxeirs./ ' ■ ■ r ^ \ ' /' 

The different kinds of learning must of necessx^ work together.'. 
^ The achievenient of the bbjecyves;i ^^^^p^^ thinking' goal, 
for example, depends to -some degree upon manipulative and 
communicative skill^ and 'upon knowledge. The^develop'ment of 
/positive attitudes toward science dfepehds upon >j^he exerdse of 
raidonal thinking processes and the acquisition of skills -md knowl- 
-.-edge.,'- . - ' ■ ; ' ;■: ;, 

Insti^iction . of Positive A^tudes Towiard Science 

Goal:' To develop valzies, aerations, and atti- - ^* ' - 
. 7 ; ' tudes that promoU itnk^erson^ V ^ 

* ment of the indtvidtia^ith "the environ' , - s\ 

Positive attitudes toward learning and science are a prerequisite 
to the effective attainment of other goals in science. Such attitudes 
aire more likely to be acquired when learners hold positive attitudes 
toward themselves, relate their own choices to those made; by 
^ persons •they seek to emulate, experience success in applying 
scientific thinking and skills, and understand the 'relevancy of 
science to their own lives and life-styles. / ; / 
The following instructional ideas may be useful in developing 
' positive scientific attitudes. ^ - , 



Instruaional' Ideas That Facilitate the Development of 
Posidve Attitudes Toward Science 



Teachers can help develop f>ositive attitudes toward science by 
doing the following: ' / ^ * 

• Provide opportunities for students to interact with individuals 
who derive satisfaction from scientific acti viti.es jand tnodes of 
thoGght. - . y • : . , >' 
Determine the values, and ihter^ts of each studentvso that 

. ' ^ . instructipn can be built ui>on the student's life baseband iipoh 
his or her curiosity about the world. " . 5- 

\ • Be continually alert to opportunities that provide a iftotija- 
tibnahbasis for science instruction. ; 

• Design science insiniction' that provides successful experiences^ 
from the earliest, grades onward. 

^« Help each student develofx a positiVc^ attitude toward;Jii^ 
>£ , or herself — a prerequisite to develoipiriig positive attitude^ to- 

• ward science. ' > , V . 

• Establish an environment^that in^ud^ a .v4riety.of interesting 
experiences and opportunities' tojexplote, ga^r data, examine 
altcmauves, and stimulate curiosity: ^ ; v ^ 
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tnstruciibn 4)f ^tional and Creative Thinking Processes ; \ 

' Goalr '^To develiip and apply rational and area- 
Hve thinhjitig proceises'^ : 

Educational theorists and practitioners are npt iri agreement on 
the most appropriate method of achieving the ability to think, 
rauonal.ly anjl creativ^y, Each of the following instructional ideas; 
which were derived from current schools of thought, has 'had 
success with s6me' students, . > ^ ^ ■' 



Instructional Ideas That Faciliute the Development of 
. Rational Thinking Processes . , . . 



/ Teachers can help dev^elop rational thinking processes by doing 
the following: r •''^ ' ■ ^ - 

• Create classroom situations in which each student can partid- 

> ^"of$ieiftifi^ inquiry to solve a proWcm- Tot instance, a ^tudient ' 
confronted with a discrepant event could propose explsuiatory 
hypttthescs," t«t those hypotheses experimdiad^ 
• dtisions^ and make predidions from the results. : " • 

• Giadually introduce iiicrcasingly ^^^ progressivdy 
Iess*$trudured problem, siluatioiis. " J , ' . \ 

• Build/as mudi aspo$sib|[5^ on pri^ learning of simple inquiry 
processes. Some theoriro^old that to perform the more com- • 
plex thought fffoce^es, one must have gained competency in 
performing^ simpler processes*. , (such as obsep^ing events, das- 
sif ying collected information, and quantifying data)« Others 
find, that these;simple procjcsses are n\pre effectively learned by* 
some stiidents when they must attain these competehdes in 
order to find Ithdr own solutions and 

: problems ^ayifd events theV encpunfer- - > \ 
/ •^^P^ovide -experience? that^^^ scientists by 

- making available investigations involving pHenomena, con- 
cepts, and facts a^lut Whidi students have alreajdy acquired 
some relevant khowfedg^^^ \^ ^ ; . ^ 

• Start with a complex probkm that the learner canpot Tcsolve 
u^iless he or she has additional knowledge and skills. Proceed 
to break , it into siiialler component problems that cah ^ . 
investigated and resolvedl Thinking processes and knowledge' 
thus can be developed systematically 19 the point where the 
student can handle the larger problem. 

• Encourage students, to define thdr own problems, obtain and 
process data, verify their hypothecs, and derive alternative! 
exf^anations of objects^ and events that 0t;cur in the uniyersd 
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Ins^c^on of Mampuladve and 0>inmunicative Skill&^^ 

Goal: To devi^iop, fundamerOal skills in the 
^ rnaTiiptdation of tM 

^ ment; ih^ the care 

, zdtum^ and cammtmication of scienHfic. * 
, infoTfTumoft 

^ StodentS/^nerally -can^a^ a skill most effeciivel\SiHt is 
tatugbt ati^me when it contributes to the attainmera Irf other. 
g<xik orWre'corcipIex skills/ Skills, whether communicative or 
'mai^ the environment in whkh they 

jure used/ . 1^ 

. Because the reading skills of some students are far^below grade- 
'level expectations, techniques for assessing the reading levels of 
' Students and printed ngiaterials are included in-chis framework. (See 
Appcrncfix F.) * ^ ' 

; The following instnictional ideas may be ifcefuLin developing 
skills in sdence. 




"\ ; . V Instructional Ideas That Facilitate the 

H ' r Developnient of Skills in Sdende 



Teacficrs can help develop skills in science by doing thie follow- 
mg: /' ^ \ ■ : ' 

• Arrange skill development so .that it is gradual and siequential. 

• Demonstrate the skills tha^/tfie students are to pracrice*; This 
fadiitates the niasxery of JaWairatory skills. . , 

• Have a variety, of resource^^S^able for student exploration 

< ankl use. ' ' ' <^ 

• Encourage interactions between students to develop manipula- 
tive and communicative skills.' 

• Create situations 'where learners are' motivated to acquire the 
skills needed to^ reach a goal; i.e., solve a relevant problem. 

. • Devise and provide opportunities for students to share science 
ideii arid experiences outside' the classroomj^ 

• Help learners attain the highest Id^^el ot skill competency b^ 
showing ihem how to develop tfie^ manipulative and com- 
municauve skills needed in independent inVttdgations. 
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instracltion of Sdentific; Knowl^ge / ^ 

Goal: To develop knowledge of 

principles, gener€dization5, 'a^ 

tions^theprpdtic^ qf-s ^ ^: 

encourage their xi^ in thlt tnt^^ > 
of the ttatural eriSirdiiTnent 

The kho wledg6 of science and related^ subjfects^ incorporates 
personal experiences, facts, concepts, pririciplcdf . and generali- 
zailiqns.. Various methods and technique can be to inopart: 
factual knowledge. The following iifstructibnal vi^eas^ v^ 
from theories of' concept formation and were ^selected for their 
jrelevance to science instruction. The ideats should be usieful at all 
gradelev^ls^ ■ . ' ^ "^'-'-^^^^ . ' 



: Instructional Ideas That Facilitate, the 
Acquisition of Scientific Knowledj^e 



Teachers caii help learners acquire scientific knowledge by doing 
the following:- ' • ' ^ . " . ■ 

• Sele^ a sequence of learning experiences that will help the 

• student proceed-&om simple to more complex concepts. Generally 
speaking, simplte' concepts are those that (I) are the most 
familiar and concrete; (2) have the most easily defined proper- 
ties; (3j are tnosi closely related to known concepts; and (4) * 
require the^studenti to process the least passible information; 
at each learniiig- attempt. . 

• introduce students to a variety of situations involving the, 
same concept.' Conceptual systems are built as the learners 
see conneaions and interrelationships developing from one 
Siituation to the next. 

• P^rovide students with experiences or scientific data that con- 
' flia with their-present conceptual comprehensioh of afamiliar 

object or event. This will stimulate inquiry and lead to a 
broader or deeper conceptual understanding. 

• Devise or *have the learners devise a technique that highlights 
the relevant characteristics in examples of concept application. 
Simplified^diagrams, models, and cuing devices are/all helpful 
in alerting students to significant aspects of |he stimuli used in 
categorization. • \ 

• Provide experiences that win help learners synthesize their 
knowle(lge of related concepts into a broader concept^ generali- 
zation, or principle. 

• Encourage students to use their conceptual knowledge to 
explain observatibns of objects and events in their daily lives. 
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Evaluation Techniques for 
peternum Student Progress in Sdenc^ 

Evaluation, which is a continual, ongoing process, toust be 
d^Fy linked with t,he educational goals and pbjectiveSt^^ 
l&ain implication of these goajs an^ objectives for ev^^ of 
^eanjeri achievement in the terms T/^n>/j) and 

^imlance. No 6^^^ two techniques, however effective, can suffii;e 
lb assess learner grow th^^w thinking processes^ 

.skills, and knowlecige defined here. The techniques used in teach- 
ing toward (and waluating^ of) a given objecfcive should 
be consistent withihQse iised in f ulfiiHng other educational objec- 
tives. The various techniques of evaluating student progress ^e as 
•follows; . . • - ■ '.-^ ^. 

1. Observations, ' which ; can be made by teachers, students. 
\'- (observing other students or 'observing theniselves)- ^rin- 

tipals, parents, or other individuals, are implbrtaht in evadiiat- 
: . \ ing progress toward objectives. Observations can be directed 
. • ; generally as when one is looking for evidence of iearner atti- 
, Viudes thkt are rweaik spontaneous shuatipns. W^ere the 
: * leamer^^^^^ not (eel that ihey are being tested or graded In 
'other* situations qbservations c^n be spedfically directed! as 
wixen . one is^ looking for proficiency in laboratory skills, oral 
xommunicatibn, and the like. ; ; - 

2. Discussions and interviews with students or parents" can be 
; ':. valuable in evaluating progress in all four science goal areas, 

. ; 'Tapes or notes can be helpful when, the interviews and dis- 
0 " cussiohs are being ahalVzed. . ; 
3^ Questionriaires^ opiniori surveys, and semantic differeptial 
\ rating scales can be used to evaluate^changes In learner 
attitudes. Care should be taken to ensure that the learners 
feel free to express their true feelings; i.e.^ that they do, not feel 
* pressured to respond in ways they think will be more accept- ^ 
able to teachers. . " 
. . 4. Student projects, writ-ten and/oral reports,, and responses to 
essay-type test" questions can provide evidence" of progress in 
all four goal areas. This may involve a fSroject for a science 
class or the selection of a science-related topic for a paper or 
project in aji English, art, or. social' studies class, 

5. Performance tests canj^used to evaluate manipulative skills/ 
Evaluation may \^ TmKt hy the teacher, other learners, or the 
individual involved. 

6. Objective tests are Vseful in diagnosing and evaluating the 
growth of knowledge .and the use of rational thinking processes. 

7. .Attendance records, transfer requests, and enrollment data 
showing, the actual number of studentsyWho avoid taking 
science courses, can provide useful insights ^or evaluating 
student attitudes and learning experj«ices. 



Chart 



Evaluating 
tbe AchieYement 

of Positive Attitu^^ 
Toward Sdojice 



Goal: to devel&p values, as^rqtions, and atti- 
I tudes that promote the individiuil's perr 
' :^ sbnal mvolvement with the environment 

"ITie dwelopmeni of positive attiiudes' toward 
^ence require anCimi^;rated relationship among 
overall gbai^,*^^sp!e£if^^ Ijeamer behavior, 

leadijfcr behaviors, and evaluat^>hs of studetit 
progress. 

The assessment of attitudes, to be honest and 
effectiye, must be separated from the system of 
rev^ards (e.g., grades). 

Terminal objectives for the attitude gqal de- 
scribed in Chapter 3 are presented in Chart a 
. Instructional ideas that can be used to achieve 
'each objective- are included on the chart, along 
with suggestions for evaluating learner perfor- 
mance. 

0 




r 



i 



'I 



The learner;" 



Terminal objeeiive 



; 1. Shows curiosity about objects and events. 




2, Shows an . awareness . of and^rtt in a 
jx)sitive manner to beauty |ind orderliness 
. in the environment. ' 



3* Appredafes a[nd respects airiiving'organi^^ 
(induding siilf) ^d their place in the OTvirori: 

' "•\ment. * . ^. : ■ y_ ;■ 

4. Takes *an aciive role iri solving social probr 
lems related td sdence and teehnolqjgy. 



5. Weighs alternative sdentific, economic, psy- 
chological, or sodal factors when consider- 
ing possible resolutions to problems. . ^; 



« 



Eitamples of teacher behaviors 



Evaluation techniques 
{See page 61.) 
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The teachor: 

- •Demonstrates interest and' pleasure v^hen con-, 
fronted with unfamiliar objects and phenomena. 

• Confronts learners with objects and^events in' 
which to' become interested. 



Shares feelings ofyfep^reciation for tiie aestheti- 
cally pleasing (e.g., organisms, color changes, 
an4 crystal- formations). 

•Accepts azia values feelings of aesthetic ajpprej^a- 
non^^Scpressed^^^^^^^ learners. 



A- 



... . 

'Handles living orgariisms carefully; 

: rpisciisses mth class. the ^w^ minimizing envi-^ 
" fonmental disruption on a field study, 

• Practices conservation of energy and- materials in 
the classroom/ . 

•Asks divergent qpestions aimed at mcreasing the 
learner's sensitivity to environmental problems: 

^ Encourages each learner to cpilect-dat^ from many 
.spurces,\to form opinions, and to try to influence 
opinions of others about community problems in- 
volving science and technology. 

.•Accepts learners' opinions and values relating to 
sqcially significant problems (e.g., overpopula- 
tion and energy shortages)'. 

•Asks questions tha-^encourage consideratioit of 
! the economic impact of -proposed solutions to the 
lergy crisis. ■ . 




X X 



X X X 




X --X - ■ X ■. X 




. : I 



X . X;:.; X - ■ .X, 



X 



X 



X 



X 



ERIC 



77 



63 - 



y Terminal . objeaivj? 



The^eamer: . ' 

6. Qrg^nizes and reportS;^ the results of scientific 
investigations in an honest and objective man- 
' ner. 

■ t 




•T-vShows a willingn to subject data and ideas 
^, J^o the critidsm of peers. ' , v. 



8. tlas a ditical, questioning attitude 
* in/e:Vences,,hypothes^es, arid theories. 



9. Habitually- apphes rational and creative think- 
ing processes when trying to find relation- 
ships among seemingly unrelated phenomena 
and when seeking solutions to problems. 



10. Gives attention to and values scienGe as an 
endeavolxjf human, beings from all racial, 
eihnic,^ aTC. iJuItural gr^^^ - 



l.L. Considers sciencerrelated ca^r^hd-^Tnakes' 
; - reahstic decisions about preparxTig for' such : 
V •careers> taking Jrito account aibilities, inter- 
ests, gpd preparation required^ • 



7.8 



Examples of teacher behaviors 



The teacher: 

•Does not place undue emphasis on leamer'sx>btain- 
ing ''correct'* or expected^ results; ^ in J^boratory 
investigations. . , A v ; 

•Provides opportunities for class laboratory data 
to he posted in a way that permits discussion of 
anomalous . results \^i thou t subjecting leaimers to 
embarrassment. 



A. 



Accepts learner's critidsins of ideas J opinions, 
and in terpretati(^/ advanced duripg a discus- 



* •Maintains art atmbsphere in \^diich learnefs^f^ 
/criticize, ideas 'witliout attacking each other. \ 

'•Accepts the. learrierVcriticali qi?fcstioning atti- 
tude toward theories, even those 3videly accepted 
by practicing scientists and even those the.teacher"^ 
may have come to regard as '*truth/' -j 
•Encourages students to question what they read 
and hear. 

•Accepts and encourages the learner's attempts to 
apply thinking processes to a problero^ even^ 
when they lead the learner away from the/right** 
answer. | 
^ • Is willing to admit not ijmderstanding a discrep- 
ant event (e.g., ''failure of a demonstration); 
seeks,explanations for what has been observed, 

• Encourages female .students to consider entering 

• fields (e.g., engineering) traditionally stereotyped 
\ "male" activities. 

• totes advances in science andiechnologyjjrought 
about by persons from varioas racial and ethnic 
groups.' \ , ' 

< • Expresses admiratio^^^^^ persons engaged in 
. x^xactiri^^cience-rela^^ that required exten- 

* ' sive preparation, r ' 

•Provides om)prtu^^ to interact . 

with per^^ engaged'ln. science-related careers. 
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Incerviews^ 


Surveys 


Projects, reix 
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lEyciluatfng^ 



-Terminal 'elective 



'ome< 




Goal: Jh^ develop arid apply rational and crea- 
: y \,Hve thirUcmg processes^ 

Educators frequeii4y make distinctions. 

skills, content, and processes 
lyhen they describe educational goals and 
evaluate pfb^am results. Processes are an 
iiliportant part of science education.. When 
nrafciri^ an inv4?stigation, the learner engages 
.^i^.obsenratian^ measurement, classification, * 

^^lid otfiCT proc^s^^ ^ 

, l^he t^tninah^o the thinking . 

process,^ goal presented in CHapterJ^ ^are listed 

;in' Ch2Ut\<St^Inst^^^ be. 

:,used* to achieve each bb/ectiverand suggestions 
ior measuring that ^hievement are included 
in ihe dVart. 




The learner: 

F. Develops ability to generate data by observing, 
recalling^jpftognizing, identifying, and mea- 



surmg. 



2. Develops ability to organize data by cor^ipar- 
y^ng, ordering,^rlatssifying, and relating. ' 



Develops ability to apply and evaluate data 
and generate theories by hypothesizing, pre- 
■ dieting, inferring, generalizing, theorizing, ex- 
plaining, justifying, and judging. 



> 



4/ Uses data-generating: sfnd theory-building pro- 
: cesses^ in a cyclic manner. to/>olve a^^^Drci^leni; 
Le;, partidp^tes in scientific inquiry/Jo^^ 
appropriate level. ^ - i*„ \ - ' "^^^ 



Exaunplcs of teacher behaviors 



investiga- 




The teacher: v ^ 

^ . . >* ' ' - 

• Makes possible a variety of laboraioj? 
tions and iield experiences. 

• Asks learners to report their observation&kf g. 
the characteristics of a rock or orgarirsm or the 

"flight of a paper airplane. ' — . ^ 

• Provides opportunities for learners to match oral 
or written descriptions with models, picture^ or 
specimens of the objects described. , ' 

• Asks convergent questions to yeinforce- learning 
of important facts. ^ , 

• Confronts learners with discrepant events (e.g., 
owl pellets or pulse glasis/;. encourages them to 
ask questions and note ^relationships to other 
phenomena. * >• 

• Asks, learners to develop'schemes for ordermg or 
classifying various objects. 

• Suggests alternative explanations for a phenom- 
enon; asks Jearners' to evaluate those explana- 
tions in light of available data. ' 

•Calls upon learners tc^est their hypotheses ver- 
bally and experimentally. . . 

• Has^ learners^ when mattdng a series of measure- " 
^ments (such as temperature versus pressure of 4 

gas), try to predict resalts after the first three or 
foiir measurements aVe made. ^ 

• ProYi^sl3pF^riuBities>fetf 1^ to participate 
in'^research project?, J \ . ' ^ 

• Asks divergent questions, . 

• Followiiig ail .inquiry lesson, reviews With l^friers v 
a tap)e of tht discussion, pointing opt sequences, 
of . ipquiry ^proce'^ses used/ , ^ 

•Calls upon^ learners to describe and. evaluate the 
inquiry processes they use. / 



Evaluation' techniques 
(See page 61.) . * 
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• / . ■ ' - Chart 

Evcriuating 
the Achiev^ent 
Qf Skiils in Soignee 

Goal: To develop fundaifnental skills in the , 
• ' / manipulation of maUrials and equip- - 
: V ^ mient; in the care and handling of living. ^ 

organisms;'Mnd in the collection^ organi- 
S zatioUy and communication of scientific 

vkfomuition 

To become successful scientists and .citizens ^ 
of the community, learners must first, develop 
^thdr Manipulative^ and communicative skills. 
The terminal objectives for the skills^ ^1 
presented in Chapter 3 are listed in Chart 7. 
f Each; objective is accompanied by instructional 
ideas and suggestions for evaluating student > 
progfess. ' ' ■] 




T^rrfiinal objeoive 



The learner: - ; ' V 

I. Assembles and uses laboratory apparatusrtpdl^, • - 
and materials in > skillful manner, giving due • \ 
attention to accident" prevention, 



1 • 



/ 



*2. Demonstrates proper techniques of handling 
and caring for. living organisms; ^ V- 




3. Gathers the descriptive and quantitative irifor-- 
^iijaiion needed for developing or testing infer- 
ences and hypotheses by^making purposefu!.. 
objective observations of tmngs and events. v 



4. Gathers needed information, which hats been 
1 pn^ted by' others, -from a vsoiety of sources. : _ 



J 
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Examples of teacher behaviors 



Evaluation techniques 
(See page 61.) - 
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Project 



The teacher: , 

•.provides §nfall groups of learners with appro- 
priate nmaterials and, writhout giving further direc- 

' tionT asks, each to make an electromagnet lhat 
will pick up three paper cl^ps. 

•Demonstrates, the assembiy of an electromagnet^ 
(using dry cell, wires, nails, and the like); chal-. 
lenges learners to make better ones/ 

•Cautions learners abouj the hazards involved in a 
^pirjticular laboratory investigation; demonstrates . 
ways to minimize them. - 

• Demeristrates incorrect assenribly or use of labora- 
tory equiprnent, inviting tKe class to critique. 

? Keeps a variety of Hying things in the classroom. 

•^Assigns, on a rotating basis, specific resppn^il- 
' ities for the care of^iving thiiigs. "\ 

•Arranges for a iresource person froin a nature 
^ museum to demonstrate techniques of handling 
- and caring for anirnals. 

•Provides oppg^tuniti^ fof leamersHo make, record, 
and. compare observations and measurements of 
organisms, cHemic^ reactions; geologic iorma- 
tio'ns, photographs,. ari4 the lik(?. 

• Has learners measure the perioji of a pendulum, 
' speculate about what could cause the period to 

change, and .manipulate variables to test their 
hypotheses. . - - . 

• Mak^ a variety .of reference materials of varying 
difficulty accessible to learners! ^ / 

•Arranges'for learners to prepare £pr"a tidepool ^ 

fiel3 study by cortsulting maps, tide tables; check- 
■ lists of -plants and, animals likely to be f6tind/^ 

weather forecasts, and the like. 
•Helps learners develop techniques of effective . 

reading of Science textbooks ^nd other materials. 

(See Appendix F.) ' . 
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Chart 7 (Continued) ; . 
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Terminal oBjective 



e learner: _ V » . - . 

5. Records observations accurately and organizes 
data and ideas in ways that enhance their use- 
fulness. ' , 



6. Qcffpinunicates with oflieii ^orally -and in writ- 
^ ing) in a rri^nner ihat is' consistent with a 
^. knowjedge of scientific conventions and that 
iadlitates die leaiiiing of die listeners or readers, 



7.-Uses the International System of Units (SI)- 
^metric system effectively.. 



8.. Applies appropriate mathematical concepts 
y and skills in interpreting data and solv^g 
problems. ^ ^ - . ' ' 
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Examples of i$facher behaviors 



Evaluation techniqifes 
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* ■ The teaeher: . ' 

* rDisplays sampIes of accurate, well-organized obser- 
. vation records. ' 

^ •Provides histogram or graph to display results of 
a class laboratory investigation and facilitate dis- 
cussion of variation and central tendency, "* 

' • Has learners graph plant growth, using strips of 
. vpaper cut to length of plant. 

• Prdvidef opportimities for learners to make oral' 
reports on their investigations and to respond to 
questions *and tonftments. 

• Encourage;^ learners to prepare science reports for ■ 
the school newspape/.,or a local radio station. 

♦Has^learnei^ make and calibrate their own metric 
, / measuring instruments. 

• Uses metric system consistently in dis^iussing experi- 
mental results and describing pljjects arid events. 

♦Ptovides multiple opportunities for learners to 
measure and make calculations using the metric 
system. 

.*-'•' ' ' ■ • ■ 

• Proidies opportuni^^ for learners to gather quanti- 
tatiifF data and make calculations of rates, averages, 

densities, and the like. . ' 

. " ■ ■ . * 

•Teaches and reinforces mathematical, skills: as 
needed by learners. ' .- * " 

: '•ft'ovides opportunities for learners to use calcu- 
• • lat4^ and computers. 



X 



X X 



X 



yi" X- X 



X 



X 



X 



X X 



So 



71. 



luoting 
the Achievement 
ofSdeiitlfic 
Knowledge 



» knowledge of processes, fcu:ts, 
\ generalvuitions,;and applica- 
products of science — and en- 
courage thdr tl^ in tke in 
• the natural ehmronrnent 

Scxence is as much an organized body of 
knowledge as a system .or methoii of dis- , 
covery. It consists of both -content (fact and 
generalizations): and .method^of discovery . Iji 
the classroom discoveries (content knowledge) 
ic^rihot beWeparated from the processes of 
investigation. Th\j3, instruction must include 
* contentV knoifrledge and the methods of 
obtaining that knowledge. ^ ^ 

The terminal objectives for ilje knowledge 
goal presented in Chapter 3 are'listed itf Chart 
8. Several instructional ideas aad processes of" " 
evaluating l^ogress are providea for each 
.objective. 
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Terminal objective 



The leanler: . - >■ 

1. Demonstrates knowledge of the processes of 
scientific inquiry. ; , 



2.^ Denrdtistrates knowledge of the content of the 
major scientific subdisciplines.; 

3: Demonstrates understanding of some basic gen- 
eralizations, relationships, ^and principles 
plicable to^ all the sdfences. ^ ^ 



4- -Demonstrates understanding pt the relation- 
^* ship' "between science and society. -y'' 



5. ^Demonstrates knowl<s(^ of sdence-^Iatedxareer 
opportunities and thcf preparation needed to. 
. pirirsue* science-related careers^ 



^ 6. Demonstrates knowl^ge of the contritjutions 
to sciehee and technology made "by men and 
. women of various races anfl nationalities." 
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E^camples of .teacher behaviors 




The leachdr: 

•Accepts^d matiels processes of scientific inquii^ 
^ay\X£S%(^%^j^^^^ quantifying;. 

.^rid hypotbesizing. " 

r pairs attention to and identifies various aspects of 
the inquiry process as they occur in the classroom 
and laboratory. . 

•Aslcs convergent questions to reinforce learning' 
of important facts. * 

•Inu-oduces majdr ideas (such as energy conver- ' 
sion) repeatedly yi different contexts arid demon- 
strates the broad applicability of such ideas. 
Provides opportunities for learners to apply basic 
scientific principles to explain unfamiliar phenom- 
ena. \ \ • 

• Ericourages learners to speculate on how their 
lives would be different if certain scientific dis- 
vCQveoes had not .been made or had turned out 
. differently. . 

•Creates opportunities for learners to become in-^ 
vblved in' coinraunity problems involving sciencey 
and technology. 

•Shows familiarity with various science-refated 
careers. / 

•Provides learners with information about the 
preparation needed for various sciejice-relateti • 
careers. - 

•Gives examples o^hqw knowledge of science can 
T)e useful in careers not normally considered "sci- 
ence-oriented" (e.g., law, journalism, business, 
sales, and building maintenance) 



Evaluation techniques^ 
• (See page 61.j 



t/3 



> 



u. 



ngs tovleamers' Attention scientific and teeh- 
rfelogical contributions m'ade bv men and woov- 
en-of various^ races and nationalities. 
• Provides opportunities for the learner to interact 
with men and women who have made contri- 
butions to science and technology, c 



X 

-, .■ * 



X 



. * 



1c 




X 



X 



o 



X 



X. 



X 



X 



8 



0 

X 



■4- 



ERIC 



87 



IS 



Chart 8 (Continued) 
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erminal objective. 



• • * • 

The learner: ' ; . > ' • 

- 7- Demonstrates awareness of. the relauonShip bf 
science to other areas of human endeavor (e,g., 
art^^hikory^ and government). ^ 

8, Demonstrates knowledge of the wav^^ilJ^hich 
attitudes, thinking processes, and^icills ean be 
coupled with content knov^l^dge and used in 
personal decision makirig. 
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Examples^^ lelcher behaviors 



Evaluation techniques ^ 
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e teacher: 

Is^upon learners to identify examples of the ^ 
relationship of science t6;6^^^ 

♦Shows learners the ways in which knowletjge of ■ 
^attitudes, thinking proc^ses, and skills <ap 
<^td in personal decision making. ^ ^ , 

•Encourages l^kmers to use such knowledge in 
making their Own decisions. - 
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The search for truth is in one j 
way hard and in another easy.^ \ 
For it is evident that no one can j 
master it. fully nor miss it 
.■•wholly. But each adds ^a little to 
our knowledge of nature, and 
from nil the facts assembled 
there arises a certain grandeur. 

Aristodc. 3W— 322 E.C 



Science can be thought of as ( 1) a^tructured discipline of body of 
krtowledge;! (2) a powerful way pf acquiring new knowledge; (3) a 
basis for technolo^; (4) a» potent social, economic^ and cultural 
influence; and (5) an interesting avenue of personal fulfillment for 
both ■ the scientist anc^ the: leanxer. j^t"- various linjes (and for 
different reasonsjlTthe science taught has. emphasTztd one or aiibft 
: of these facets^ tor instance, the eun-iculurn refbrrn^C the 1960s 
Thiighlighted the prpcessies_of science, anil the sifucture of its disci- 
plines. " ^ ^ ' : 

To meet^h^e needs df learnersr during the comigg years, science 
teachers riiust emphasize all these facej^ in a balJrBced program. 
Science constantly must be Related to langiiag^^ .mathematics, 
social sciences, career opportunities, and the creative use^f leisure 
time. If teachers are to meet the needs of learners, tnfey must use 
effectively every strategy and technique at their command. No 
singJe solution will sufficn., . : , . . ^ X. ^ 

Tht process for ir^provi^^^&Cuticuluni iind instnipion in science is 
much the sa)iie!as it is for improving'curriculum and iristruction 
in any subject area. One should study tfie existing programs and 
de^^nine how they are helping the learners. If certain goals and 
6bjectives- are not being met for some of the learners, that is the 
/•signal that change is needed. If time and resources are available,^ 
.new curriculum can be developed by formulating goals ind objec- 
tives, developing structure, ^selecting content, jeviewitig materials,^ 
and establishing evaluation driteria. More often, the process will bt 
,one of looking at existing oirricumm materials, finding^the best 
possible niatch fwith the needs to served, and adapting and 
suppl^nienting thenl as necessaiy fcrf effective implementation. In 
either case notHing that is printed orf pkper ^ili work miracles. 
* ^/^Impst anythittg that is really an improvement in curriculum will 
requirf mat teachb?s leam new ways of working with learners.'The 
^ interacUi>trThj^^ learper, materials, and 

idea's is the "iWnent of truth*\ i^uiri^iilurto //^ 
The objective^et forth' in this^rarAeWork have been classified 
under four maiS^odlls; attitudes, i^tiojial and creative\thinking 



' . 7.9 



93 




prp^e&ses manipulative anjd I communicative skills, and knowl- 
edge;' Regardless of hoW the currituium is organized, 'fche mate- 
rials, teaching strategies, learning experiences^and evaluative tech- 
ni^ques used must be consistent with iji^s^oals and reflect ar 
balance am'ong them. ' ^ V/ < V/ " 

The teaching -of science must motivate yoiing people to continue^ 
learning. This is an 6 wesome challenge, b^'bec?use the processes 
of science ar c at iIk hWrt of all learning and thejubjecc matter of 
science is as broad arid Wie^ should 
attempt no less. . ' . 



■ . ■ ■ ' ' 

fxamplQ^^ Major 
^ <Caiiceptudl 
Prg^niiations 
otSdentWc 
Knowledge _ 




The conteni of science can" be summarized into broad generalizations 
that interrelate many specific facts and principles. Such generalizations, 
or concepts/can be the basis for the selection of the content to be used in 
science instruction. One should emphasize thatXD the very nature of a 
scientist is to be continually searching foi^greater and greater generali- 
zations and to be makmg continual refinements. tG<^ existing .generaKza- 
tions, and these are based on current data ^d theories and are always 
subject© change; (2) conceptual organizations provide a foundation for 
the d^^^anding of how certain facts ar? telatcS; and (5) conceptual 
>Tga^auons provide eduayt;^^ future becauise' they offer a,, 

)erspective by means of wlijch fuzure diyp^eries may be, correlated and 



perspective 
understood. 



A, Most events, in naiuf§ occur in a predictable way, understandable 
.m Herrns of cause-and-effect r^jMk>Tiship} naturoTlaws are 
. ^^niver^al and demcmstrabie throughout time and space. 

This first concepmall3rganization. of knowledge, or generalization, is 
an overall summation of the other 12 gVnerali^tions described in this 
appendix. The others are extensions or elaborations of the above state- 
ment. The main ideas contained ih this' first concept may be restated iYi 
greater detail in j^he* form of the following four points: . • 

1. Events in n^ure are the result offnultiple cause-and-effect relation- 
ships. The laws and theories of nature-^ they apply to motion, 
energy, change, conservation, aiid atomic sorucntfe-r-are^simplify- 
ing generalizations In which a cause and an effea.artjelatedi These 
laws and theories are based on ^experience and verified either by 
^. ej^periment 'or by controlled' arid objective observations^ * ; 
2*, Knowledge of caifse and 'effect makes possible the predi&tioH of^ 
events. Knowledge concerning the mot&n of the earth anti moonf 
allows one to predict the sunrise *andUurfset and the time ana 
magnitude of the tides. Knowledge about chemical bonding allows 
^one to predict the amount of heat that \viy be liberated jivneri an acid ' 
is added-to an alkali. The validity of a prediction based upon cause- 
and-effeA relationships^is determine^* by the reproducibility of 
experrrheiital resutts.. / ^ : • . i^^ 
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- 3. Cause-and-effect relationships are universally applicable. A mijor 
goal of the scientist is io'discover universal law's otjature as well as 
ordered patterns of diversity thsit-have causalHwtio^ishlpj., . 

: 4. Predictions based, on cause-and^ffect relationships may also be 
made if the evfefits are. random/^me ev 
, occur fn such random fashion that predictions concerning indi- 
vidual events can be made only with- g?feat uncertainty. 0fte can 
predict niany occurrences U^tli a high degree of ceriadnty'^hy apply- 
ing statistical techniques in the study of such random events. For 
'example, one can predict the fjactipn of atoms that will disintegrate 
in a given mass of radioactive atoms in a given period of time, but 
one cannot predict when a*single atom wiM di^integra^p.: * 

■ Frames of reference for size, position^ time]and^rnoiion in space 
are relative, not absolute. , ... 

This conceptual organization of Jcnowledge, or generalizafion, deals 
with the measiUable attributes of objects and events. It cpn be develop^ 
^from the following two points of view. 

L The, masses arid dimensions of objects are measured* to determine 
theii^magnitudes, butlsuch jneasureme'nts aje neveSr absolutely pfe- 
\. cise. Witri irtcseasing^ai^racy of instrunients and techniques, niea- 
surement|b con\e closer ,to; but can never reach, absolute valufs. The 
position of an object is deternriried by measuring its distance and 
direction from other objects or from fixed basepoints. Events in time.^ 
are r^fe^ured by'raeans of clocks^marking off intervals frohi a^ 
reference point in time. The motion of an object "can be char-', 
acterized in terms of its chapges in position wi|h reference to tlme. 
, arid basepoinL The most difficult quantitative concepts are those 
' ^ that are well, beyond the levelW intellectual comprehension: the 
^ numbers of atoms and surs or atomic and cosmic dimensions. 
2. These measurements seem rigid and constant— a kilogram is a unit 
0 of mass, valuable because of its constant dependability regardless ql 
its position in the univ;erse. iSut it is also used as a standard unit of 
Weight at the earth's surface where its partictilar value depends on 
the earth's gravitational field. When the kilogram is transferred*tt> 
an environment av^ray from' the eairth's surface, however, this stan- 
dard unit of weight loses its ^rthbonnd value. ■ '\ 

^ C. Matter is composed of particles that are in constant motion,. 

I'- . - ■ ' ' \ ^ \ • . 

Different kinds of matter, can be classified in accordance with (heir, 
.particulate natures and in accordance with the energetic movefljents of 
^he -particles within them. The model ia which matter is comp<isad of 
moving particles has been iiised to expl5inj(iany patujal phenomena,/ 
such as the solid, liquid, and gaseous statVv of mattei;. ... 

According to the mddeU for example; water is m/de up of many 
moving molecules. In the solid state the^moleculei are less free to move 
aboiit. When energy in the form of heat is applied^o these molealies, they 
, vibrate energetically. If enpugh heat energy is applied, the substdlnpe will 
change from the solid into a liquidi then to*a gas^ • 

iMolecules: in turn, are macie up gf smaller units called atoms. Atcmis 
are sometimes called ''basic building blocks of matter" because they 



determine the properties of the basic elements. But atoms * too, are 
composed of smaller, subatomic particles such as electrons, protons, and 
neutrons. Further study has led to the discovery of many more subatomic 
particles. Their relationships are as yet only poorly understood. Our 
present ideas about the nature jof matter probably will cHange as new 
experiments lead to new knowledge: 

D. Energy exists in w^varieiy of convertible forms. 

Enrepg^ and its conversion is a common strand that runs through all the 
sciences, from physics to biology and from geology to cosmology. The 
rise of people from being their Qwn;feasts_of burden to the development 
of modem technology has massed 4n direct proportion to their ability 
to find and convert energy tc^^sf^lace muscle power. One measui^e of a 
nation's progress and materiarwell -being might be the average amount 
of energy consumed per citizen jD^ ^ear, However, this particular kind of 
progress cannot be extended indefinitely. It , may lead to intolerablie 
pollution of the biosphere. In addition, the increasing demand for greater 
amounts of energy threatens -the very existence of people through cata- 
strophic warfare. c ^ * ^ 

'The principle of energy coYi version underlies almost every major 
scientific discipline. The physicist sees' a swinging pendulum as an 
example of the transformation of energy from potential energy to kinetic 
energy and vice versa. The chemist observes that energy^ is transferred' 
between molecules when they collide. The biologist understands *that all 
changes in living organisms, from simple cells to human beings, involve 
a flow of energy to and from the environment. 

E. Matter and energy are manifestations of a single entity; their sum 
in a closed system is constants ^ 

In most observations taken at the beginning and at the end of natural 
phenomena, the amounts of matter and energy appear to remain con- 
stant. However, investigations of certain subatomic and cosnaic phenom- 
ena show that the relationship between naatter and energy is best ex- 
pressed by Einstein's famous equaxion, E = mc^. Two important char- 
acteristics of ihis relationship are: { 1 ) the amount of energy (E) appearing 
or disapp)caring is^ proportional to the amount of matter (m) that is 
destroyed or created; and (2) the proportionality constant ic^) is a large 
number (the square of the speed of light). Thus^-a^small amount of mass 
is equivalent to a huge amount of energy. 

Throughout the universe matter constantly is being transformed into 
energy, and matter simultaneously is being created from energy. A 
currently popular belief is that the two processes are in balance; but 
scientists have not determined if such a state of equilibrium actually has 
been attained. To datef^ however^ all evidence tends to confirm the 
conclusion that the sum of matter and energy in the universe remains 
constant. 

■ ' 

F. Scientists V3d classification systems to bring order and unity to 
apparently dissimilar and diverse natural phenomena. 

Through observation and analysis, scientists search among distin- 
guishing characteristics or properties of natural phenomena for gen- 



eralizations that might serve as unifying themes upon which classifica- 
tion systems or taxonomies could be developed The taxonomy of plant 
and animar kingdoms, the periodic table of elements, and the electro- 
magnetic spectrum are examples of classification -systems based upon 
underlying principles or pn^fying themes. 

In any classification system deyised to bring order to our concept^'^ ' 
the universe, there must be an a^vareness that the classification is, aftejS* 
all» made by human beings for human beings. The human intellect h&s 
superimposed upon nature a system in' order lo better understand the 
universe. It' is not surprising, therefore, that certain objects do not fit into . 
the classification' system. Human beir%s are, in a Very rearl sense, limited 
-irrtheir understandings of tetuial ph'enomena by their>^nental processes 
.and patterns. Tfiey are also limited, in part at least, by the modes by 
which they acquire knowledge. 

• * * 

F-I. Matter is organized into units which tan be classified into 
organizatidnal levels. 

Structure within the natural order i^ observed in_ classifications from 
' the smallest, subatomic particles to the^niatter within huge galactic 
masses. Basic units of matter, small^or large, are found in every organiza- 
tional level in the' physical and biological structures of ihe natural order. 
Scientists -attempt to bring order to the world they investigate by group- 
ing and classifying matter in accordance with its properties, .\lthbugh the 
basic unit selected varies with the particular field of inquiry, a trend 
toward interrelationships among the natural sciences is becoming evi- 
dent. \ * ' ' . 

F-2- Structure and function are often interdependent. . 

On every organizational level of matter, scientists have used the inter- 
dependence of function and structure as a useful tooL In most cases, if the 
function of a unit of matter can be observed, the scientist can make^ 
informectguesses as to its structure* Sometimes, ho^'ever, cause-and-effect 
relationships c^n be misinterpreted. For example, Lamarck was wrong 
when hd predicted that changed functions or environments couljl give 
rjse to changed hereditary structural adaptations. <^-' , 

Experimental research indicates that structures evolve in such a way 
that some organisms are more likely to survive their environment than 
others. Studi^ also show that changed environments favor the persistence 
and spread (i^ertain spontaneous hereditary changes. Wheri organisms 
evolve parts that do not function successfully within their ^vironment, 
they do not survive for long. f . - 

G. Living organisms have universal properties, ^ 

.Living organisms have universal properties, including derivation of 
energy from Outside sources and reproduction. Evolutionary studies 
indicate that these organisms are naturally selectgi, from .^Jie^tipn to 
generation, producing descendants with different char^i&pSB<^ and 
producing variability among populations of living species^'^Ti^e^pJSocess 
has been going on so long that it has produced all the groups and kinds of 
plahts and animals now living as welfas others that have become extinct.^ 
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: Living organisms are highly organized systems.of matter and' energy; 
and any introduction to biology should inckide*^ definition of life. 
Perhaps- this is 'best done by listing some of Iife*s properties. Living 
organisms derive energy from outside sources, prfmarily the sun, and use 
it for^eir own purposes. Green plants use the energy to form chemical 
corapounds that undergo metabolic reactions that enable the plants to"^ 
grow, respire, and reproduce. Other organisms, such as animals, consume 
plants or animals as sources of chemical .energy.^ 

The most characteristic property of life, is reproduction. This central 
function of organisms is carried out by means of information that is stored 
in molecules ,pf deoxyribonucleic acid (DNA) with the exception of some 

. viruses that use ribonucleic acid (RNAJ for this purpose. ' 

In addition to reproduction, another characterisiic of life is change in 

, its genetic material with passage of time. I his prot oss. termed evolution,"" 
.takes place through-changes in D\A. Changes in DNA molecules are . 
pr9duced by mutation^ which includes replacement of some DNA bases 
by others, and recDmbinatiori in whicht^egments of DNA are added to or 
subtracted from genes. DupIicatiiDn. of genes sometimes also occurs. Most 

, mutations are harmful and do not persTst; they are eliminated by natural 
selection, ' , ^ ^ . 

Beneficial nriutations occasionally take place and are responsible for the 
appearance of new characierisiics. A third class is "neutral'* or *'near ' 
'neutral*' mutations. Some of these mutations arc adopted daring evolu- 
tion. 'Tfhe progress of evolution can be measured by comparing DNA 
molteules jhi closely related species and measuring the percentage dif- 
ferences in the sequences of their components (bases). The differences are 
roi^ghly correlated with the passage of lime as measured by the fossil^ 

. -record.^On an average, about one or two DNA bases in each billion are 

• changed each year in each species. This process also can be measured in 
proteins because the seqiTences of amino acids in protein molec.ules are 
controlled by base sequences in DNAs through the genetic code.. This 
indicates that all living 'organisms on earth have a common ancestor' 
from which thqy hav(; diverged by evolution during about three billion 
years. Throiighout this immense lime, the DNA molecules have main- 
tained a continuous existence that ha*^ never been interrupted. If DNA 
were <to disappear, all life on earth would become extinct. \^ 

, H. Un 'tts .of^mdtter interact. * 

^ jgw^C^^ properties and behayior of every unit oT matter in the universe ^fe 
]r depliwient upon its ^interactions with oiher.units of matter. The study of 
^intei^tions constitutes a' large part of scientific investigatioh, and such 
'studies have led lo the formulation of a number of closelv related ideas. ^ 

H-1. The bases of all interactions are electromagnetic, gravitational, 
ahd nuclear forces whose fields extend beyond the vicinity of , 
their origins. 

^ i ' , ■ ' . ' ' ' 

Certain forces 3re present m every interaction. The three basic forces— 

' electromagnetic, 'gravitational, and nuclear — have the rather' amazing 

■property of acting at a distance: that is, they permit interactions to take 

place without any direct contact between the units of interacting matter; 
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Most everyday, interactions dp not seem to, result from^action-at-a- 
distance forces because they require at least k surface contact between - 
objects. A closer look at such interactions on a miaoscopic level, how- 
ever, leads to quite a different conclusion. All- contact interactions are 
believed. to result from the electromagnetic forces that bind electrons to 
nuclei to form atoms, and atoms ta atoms to form molecules. What 
appears to be a direct contact between the surfaces.^of two interacting 
objects actually is only d relatively close proximity between molecules, 
calling into play the atu-active and repulsive actions of charged particles. 

H-2. Interdependence and interaction with the environment are urii" 
versal relationships, s 

Interaction and interdependence are found in the smallest subatomic 
particles and in the most gigantic astronomical bodie.s. Nothing in the 
universe exists in isolation. Every object that exists is either dependent •. 
upon an interacting event for its origin or is in the process of change due 
to interactions. The components of'a living cell, for example, are inte- - 
grated by- interactions, and these interactions'lead to new properties that 
are not apparent in the isolated components. Th^cell as a whole interacts 
with its environment by exchanging matter and energy across the cell 

. surface. - • . ^ 

At ^he-higher organizational levels of, organism, population, com- 
muniW; and ecosystem: the c<>mponents within any given unit interact 
with each other, and the unit as a whole exchanges matter and energy . - 
with its environment. More than ever before in history the effects of 
human activity on the ecosystems must be assessed. Much of the quality 
of human life certainly depends^ on the maintenance otthe.qualiiy of 

other life forms. / . . ^ - . 

Many interdependent events that occur in the natural oMer are cyclic irf 
^character. A pattern of se^iuential events gives rise to a repetitive chain of 
events in which one Irnk of the chain is dependent upon iti; preceding 
link. The food and water cycles are examples of dependent cyclic inter- " 

actions. / . 

A foorf'^ chain^ links together the members of an ecosystem. Green plants^ . 
begin/the chain (phytoplankton in the marine ecosysteni). The green 
plants manufacture food by using light energy from the sun and water, 
carbon dioxide, and nutrients from the soil. i\ first-order consumer (e.g., a 
deer or cow) comes along and eats the plant A second-carder consumer* * 
(e.g., a cougar or human) eats the first-order consumer. We even can have 
a transfer of food and energy from the producer to a higher-order 
consumer. The decomposition of living things also provides food for the 
plants. . V 

Another order of interactions is that of evolutionary events, which ■ 
produce predictable changes in certain kinds of objects over long periods 
of time. One theory claims.that atom^s. interacting with one another and 
' evolving over eons of time, gave rise to the present assemblage of various 
kinds of elements. Another evolutionary thesis describes, the progress of . 
stars all the way from yotjng gaseous nebulae to pulsating dying stars. 
Still another interacting series of events has produced the evolution^ of 
roeks from igneous to sedimentary and metamorphic-type materials. 
" Interactions between organisms and their environments produce changes 
in both. Changes in the. environment are readily demonstrable on a short- 



term basis; i.^., oyer the period of recorded history (circa 5,000 years), 
These changes have been inferred from geologic evidence over a greatly 
extended period of time (billions of years), although the further back we 
go,.lhe less certain we can be. During the past century and a half» the 
earth's crust and the £ossils preserved in it have been studied intensively 
by scientists. ' . 

From fossil evidence it can be inferred* that organisms populating the 
earth have not always been structurally the same and that anatomical 
changes have taken place Chrough time. The process of change through 
1 time is termed evolution. In modern biology, the Darwinian theory of 
evolution is the unifying theme that provides/ a genetic basis for the 
biological development of complex forms of fife in the pa?t and present 
and the changes noted through time. ' . 

The concepts that are the basi^ foundation for the theory of evolution 
are that il) inheritable variarions exist amon^ members of a^opulaiion 
of like organisms; and (2) differential successful ;reproduction (i.e!, sur- 
• vival) is occasipned by the compositeof environmental factors impinging 
upon the pppulatiop generation after generation. Darwinian evolution is 
used to explain the many similarities and differences that exist between 
diverse kinds of organisms. It also provides a 'structural, framework Upon 
which many seemingly unrelated observations can be brought into more 
meaningful relationships. 

Scientists also have developed, from experiments and observations, 
hypotheses concerning the development of life from the nonliving matter 
of the prebiological earth. This research and its hypotheses usually are 
referred to as "chemical evolution/'. Philosophic and religious consid- 
erations {iertaining to the origin, meaning, and value of life are not 
within thetealm of science because they cannot be analy:2ed or measured 
by present methods of science: ' ^ 

Interaction and reorganization of units of matter always are asso- 
ciated with changes in energy. 

The relationship among all things and their environments can be 
compared to a spider^s web consisting of many interwoven threads that 
form a complicated pattern. An interplay of matter and energy holds the 
"web" together: however, the total process has an orderly pattern. 

It^enactions of matter- and energy are consistent and describable in 
terms of natural Ia\\s. The following two ideas are concerned with the 
energy changes ihut accompany changes in the organization or state of 
matter: 

1. In a closed system (ai\ approximate example of which is a sealed, 
light-iig^t, vacuijm-jacketed laboratory flask), when units of 
matter interact, the system tends toward a condition of equilib- 
rium in which free energy, or the ability to do net work, is at 
a minimum. A closed system is also one that tends toward a 
state of ni^ximum disorder or randomness (also known as a state 
of maximum entropy). 

2. In an pp)en system units of matter may interact in such a way 
as to maintain a steady state or condition of homeostasis. 

We do not know, of course, whether the universe is an open or closed 
.system. Living systems, on the other hand, are obviously open ones — 
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:Ahhough no single definition of science would be acceptable to 
everyone, in a .general sense the term scrence embraces much of our 
objective efforts \o understand nature. Applied science (technology) uses 
this knowledge to make th'e world a better place in. w^ich to live. Thus, 
science includes the ideas and concepts which scientists have-created in 
ordet to understand nature as well as the intellectual skilUandparticular 
modes of thinking jused to develop thi^ understanding. 

.Goals • * ^ 

The goals of the science program are as follows: 

1. •To develop those values, aspirations; and attitudes which Underlie 
the personal involvement of the individual with the environment 
and society . . < 

2. To develop and apply rational, thinking processes 

3. To develop fundamental skills in manipul^ung materials and 
equipment; in^caring for and handling Jiviiig things; and in 
gathering, organizing, and communicating scientific information 

4. To develop knowledge of processes^iacts, concepts, generaliza- 
tions, and unitying pripciples — the^roducts of science— that assist 

- in interpi'eting the natural environment. 

Innerrelatedness of .the Sciences ■ ^ * 

Although science has been organized into such disciplines as astronomy, 
biology, chemistry, geology, and phjjjsics, the science program should 
emphasize -the essential commonality of the scientific enterprise in pre- 
senting a unifying picture-of nature. To tfiis end, organization along 
with a problem-solving or skills-developing approach is preferred over 
a sequence of dis^pntinuous topics along disciplinary lines.* 

Interrelationships ^tw€cn Science and Other Subjects 

Science h^s not developed in isola|ion nor does it exist in isolation 
from other activities. I^or proper perspective science must be presented in 
the context of human endeavors. The interfaces between science and 
^matl^ematics, fine arts, social sciefice, language arts,' health, and so forth, 
exist and'rfiust be recognized if r^listic scientific literacy is^ to be 
achieved. * / 



Responsiveness to Human Needs 

Science ' insiruciion must meet the different needs and interests of 
individual students and use appropriate teaching-learning styles, strategies, 
and materials/ ' ' ♦ . ' 

General Criteria: The Instructional Program at AU Levels 

Science materials must reflect a philosophy which is consistent with 
that expressed in the current Science ^rameivork for California Public 
Schools as adopted by the State -Board of Ed u ration. 

.Material in a language otjier than English and parallel to English 
currjcular material shall be included when available. and when in con- 
formance with these criteria. Because these criteria ar^ meant to be used 
with a complete science program, some edacatiohal materials may m^ei 
only selected -parts cff the criteria. 

Attitudes and Values - ^ 

Print and nojiprint educational materials will be used by the teaching 
staff to: 

1. Help learners develop and extend "^their personal interests and_ 
experiences through science, 

2. Develop an understanding that major forces' in society affect the 
learner, the schools, and science; .and that advances , in science 
technology in turn affect society, the learner, and the schools. 

3. Develop those positive values, aspirations, and attitudes which' 
underlie the personal involvement of the individual with the 
environment. * / ' ; 

4. Help learners promote cridcal questioning of unsupported inferences, 
■ -hypotheses, and theories. ^ - . . 

5. Protnqte'an awareness of 'energv/ecological relationships in the 
environment and of their sociaLand economic implications/ 

Process and Content 

'Both print and nonprint educational materials will be used by the 
teaching staff to; , . 

1. Give learners the opportupity to engage in the major activities 
that are erf ployed in scientijic inquiry: observing, experimenting, 
verifying, predicting,' organizing, inferring, analyzing, synthesiz- 
ing, and generalizing. \ . - 
1. Help learners develop fundam'^ttal skills in manipulating mate- 
rials and equipment; in caring for and handling living things; 
and in gathering, organizing, and communicating- scientific infor- 

JnAtion. ' ^ ' 

3. Provide c<3ncepts arid ideas that are appropriate to the students' 
levels of development, their reading abilities, and their varying 

. nteds. • * . ^ ^ . 

4. Provide opportunities to integrate the knowledge and skills learned in 
other disciplines (e.g., ma(heniatics, language arts, health, and 
social sciences) with those abilities ihat lead to the achievement - 
of scientific §oals.^ " ' - ' • * 



5. Provide students with a science program that will d^elop a 
knowledge of specifics:- facts, conventions, sequences, ana classifica- 
tions. ! J f 

6. Provide learners with an oppor^unity^iP develop a knowkdge oi 
concepts, generalizations, and unifying principles. 

7. Demonstrate the interrelatedness of scientific information and 
the processes by which ihaf information is obtained. 

8. Provide a variety of experiences in the bi^logi^l. physical, eartb,^ 
and space sciences. 

9. Show the relationship between^ people. arid their environment, and 
promote awareness of and responsibility^toward that environment: 

LO. Develop an awareness of diminishing natural resources, and empha- 
size the need for wiser management. 

ll/ldentify science-related careers,.and stress the importance of science 
skills in careers. , ^ . 

12. Make consistent use of the SI metric system, and convey to the 
learners'the important contributions they can make in explaining 

''__lahe^sy stem' to persons who are not familiar with these'^its. 

is. Emphasize staxidard health and safety practices. . , 

^ 14. Describe contributions to science and technology made by women 
and men of varipus races, ages, and nationalities. 

' Instructional Strategics 

Both print and nonprint educational materials will meet the following 
criteria: . ^ , 

1. Be^daptable to a variety of teaching-learning strategies that treat 
all learners with respect, recognizing individual differences by 
adapting instruction to individual interests, needs, and learning 

styles. . , • 

2. Provide a structure for organizing and sequencing learning exper- 
iences with illustrative instructional models. Include group. instruc- 
tion planning and assessment, diagnostic/prescrrpti^ teaching, 
and concept and process development. . * . J 

3. Provide the learner with opportunities to select from a variety of 
activities that contribute to the attainment of an objective. - 

4 Include guidance for exte(iding student experiences by introducing 
' new topics and alternative paths of study, developing^appropriate 
media, and .the like. ' . " 

Organization 

The print and nonprint>ducational materials will meet the following, 
criteria: . ' • . 

1 PTOvide an organizational perspective (print:, table of cojAeni^ 
'"index, and so forth; nonprint: 'scope and sequence ^hart and so 

forth). • . ^ ' ^'i 

2. Provide' for an organized sequence of development that is readily 

c • apparent to ^^both learner and teacher. 

* Be so arranged that ideas and skills reappear in varying contexts 
and at increasing levels of sophistication. 

Provide t^ue^ns that-elicit^a variety of learner responses, such as 
discussion ^nd investigation. At the appropriate level material 
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should encourage higher-order questions or knowledge, compre- 
hension, applica^tion, analysis, synthesi$, and evaluation. 

Assessment and Evaluation 

Both print and nonprint materials will 'meet the following criteria: 

1. Provide for a variety of evaluative techniques; "teacher-student 
evaluation, and student self-evaluation, 

2. Include provisions for frequent interim and end-of-program assess- 
ment of student progress. Some focuses for evaluation are (1) 
rational thinking; (2) interpretation of nature; (3) understanding of 
the -xiature-of s<^ie'rioe;~<4)- development. cTf appropriate attitudes to- 
ward -^ience and nature; and (5). manipulative and commiiriicative 
skills. . - ' 

3- Be consistent with the stated goals and objectives of the materials. 
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Xeacli^ Materials 

t" mat^ri^s used by the teacher will me^t the following criteria: 

Be easily distinguishable from stud.ent materials and convenient 
for mse; for example, annotated student materials may* be used as 
the teacher's edition, . ^ ^ 

Show a consistent correlation with student materials, ^ 

Contain practical hints and advice, such' as the following: 

a. Itemized lists of materials and equipment 

b. Techniques 
c Recipes for solutions 

d- Sources of materials / ^ ^ 

e. Care and maintenance of equipment and living things 

f- Primary references and additional sourcebooks ^ 

g. ' Suggested storage, space requirements, and ordering procedures 

h. Hints on how to avoid commonly encountered difficulties 

Provide ^ related reference list and suggestions for extended and\ 
in-depth supplemental activities for learner and teacher. ^/ 
Include an overview and/or summary of each unit with goalsrsnta 
objectives- - ^ 

Provide background information, inclucling relevant questions, 
.discussion and reading, exF>ected responses, and historical infor- 
mation. 

Indicate the readability level of leafner materials. 
Identify common goals with other ^sjubject areas. 
. Indicate standard health and safety practices. 

Shpw applications to oth^r subject areas of attitudes, rational 
thinking processes, skills, 'and knowledge developed in science- 
Provide suggestions for using 'community resources. , 



Instructional TVfedia Standards 

Printed materials such as books and laboratory manuals -will meet the 
the following criteria: ^ 

\, Use paf>er and binding of a quality appropriate for the intended 
- ' usage. 

2- Be printed in type chat is clear, readable, and appropriate to the 
content and maturity level of the learrrer- 
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-3. Provide aesthetic visual arrangements using color, illustrationt 
and photographs where appropriate. 

Visual nonpjint presentations (filifts, filmstrips, charts, and so forth) 
will .meet the following criteria: 

1. Be characterized by aesthetic appeal that contributes to the stu- 
dent*s learning";^xperiences, / * 

2. Fulfill the" function suitable to the mediurn. 

3. Be current. . ^ ? • ^ 
Materials designed for auditory presentation (records, tapes, and the 

like) will meet the following criteria: ' . 

1, Present voices ibax are clear and well modulated or appropriate 
to the role p>ortj*iy«l. 

2, Have technical qu^rfity sufficient to reproduce the sound frequencies 
that are necessary. 

3. Be appropriate in content and length for the iniend<^d audience., 

4. Use standard English. (When a language other than English 
is ^presented,, authentic native or near-native speakers should be 
provic|ed, Thev *=hould represent the voices of male and female 
adults and c i ^> .sp^eaking at an appropriate rate and with 
accurate intc^ ' . . , 

Materials designed for manipulative use {e.g., laboratory equipment or 
games) will meet the^following criteria: 

1. Conform to current safety standards. 
, 2. Re cfearly identified and durable. 

3. ^ convenient to handle, use, and store. 

4. Be replaceable and easily available from the supplier when needed; 
for example^^consumable materials and components of kits, systems^ 
laboratori^^^ganft^s, and so forth. j 

5. Lead to achievement of instructional go*il> .x\\<\ objectives. 
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A Design for Decision Maldng 
in the Educational Program 



POLICY 
LEVEL 



Develop science philos- 
ophy and goals that are 
consistent with the Science 
'Framework. 







Determine desired learner 
o)utcomes in :>cience. 







Establish , priorities, rele- 
vant to abilities and needs 
of learners, teachers, and 
' the community. 



• Determine re 
priorities f( 
science cui 


sources and 
)r district 
Ticulum. ' 






Determine staff responsi* 
bilities for science pro- 
gram developmertt. 






Establish district commir- — 
men t to science inservice 
staff development. 


IP 





CURRICULUM 
LEVEL 



. Develop district science 
curriculum guLd^r^hat is 
consistent with slated goals. 



Clearly define school level 
curriculum objectives. 



Develop^standards of- per- 
formance for learners and 
teachers and criteria for 
determining program 
effectiveness. 



Write district-approved 
science curricula to include: 

• .\ppropriate content 

• Scope and sequence. 

• Accetptable, methods and 
strategies 

• Materials and facilities 

• Media and other resources'^ 

• Inservice training 

• Evaluation (both forma- 
tive and summative) 



Prepare summative dis- 
trict evaluation, 

^ I 



INSTRUCTIONAL 
LEVEL 



Assess teacher and learner 
abilities and needs in science. 



Identify behavioral objec-. 
tives for learners and 
teachers. 



Select appropriate' instruc- 
tional experiences in 
science for the leatner. 



Conduct appropriate staff 
development activities. 



-ContinuaJly evaluate pro- 
gram and learner progress; 
teachers and 'learners con- 
duct self-evaluation. 



-J 
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. Appendix 

Seif-A^essment Checklist 
for Tedcttersbf 



Sdemific Attitucfes; Thinking 



3^ I willingly subject personally acquired data and ideas lo peer criticism. 



4. I am ,proficie,nt in manipulating and utilizing the tools and" equipment of science. 



-5 "Sb 



Processes, Skills, Knorledge, and Liberal Arts 5 



• 1. My students see in me an attitude ofiOpan'mind^dness and suspended judgment.^ v .. ^ . 

• ^ - / * " " ' - . /' ' 1 23 45 

1 — . '■ — h : 

,-2. 'I enjoy designing and;Conducting' experimental studies to test hypiotheses or account 
* "for discrepant events/ . ' * • . , - * ^ - 1^3 4 5;- 



1 23 45 



1 2345 



5. I am able to apply mathematics to gathering, processing, and communicating data 

in-my teaching (measurement in metric vmits). • ' . 1^34 

6. I can use oral and written communication skills effe^uvely. 

- * ^ ■ ' V ' __ 



1 23 4-5 



7. I am familiar with the^rb^^^^cognition and re'call content of my field and/or 

level of science. , • ' 1 23 45- 

8. I understand the factors affecting thtr^bysical. emotional, and intellectual growth 

^nd development of my students. • ' ^ 1 2 3 4 5 

9. I can identify and construct conditions- that motivate inquiry in the learner. 



1 2345 



10. I use effective methods and matetials'to guide students in their consideration of 

science-related careers. , 12345 



11. I seek to know, understand, and support the needs, aspirations, and positive attitudes 

of the community toward education. . • 1 2 3 4 5 

12. I interact and cooperate cither teachers in providing a healthy, balanced total . 

school atmosphere. r-' ^ 12345* 

13. I am aware of' community resources that will enhance my science instructional 

program. •»' 12 3 4 5 

14. I can describe the interrelationships among various fields of scientific pffQeavor. 

^ ' . ' 12 3 4 5 



•• -> Ihc <.lalfnK-nis in ihi' chaklist art- tliaraclcrislic of liioH- nude bv loachi-.s wlio provide- qualHy prci^rains of iiistruau.ii in 
science Thoc siatimcnts ha;f fxrn orsani/cd in.o a dicc kliM to lidp icachfts dt-ii-n..ini- tlic di'sur t.. xvhicf. du-> can cmnpari- 

. ihcmseivw with iIk-m- attributt-s. J liis nian-riaf wis adaptt-d fron> i-^aluaiion criteria dcvrlopid by tin- National Scicjiu- U'ailR-rs 
,-V»soci;ition. ' « 
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15. I know' of scientists in iffy community and cari relate th^m to my instruGtional 
program.. ■ ' ■ 1 2 3 4 5, 

16. I work with other teachers to interrelate the teaching of science with that, of other 

subjects. \ ' • . ' * 1 23 4 5 



12345 



17. I can interpret the relationships betweerf science and cither aspects of. human .endeavor. 

' • * ^ • . ■ ' 

18. I have developed and follow a philosophy of education which deals witW the place 

of science teaching in the schoors total "^education effon. . 1 2 '3 4 5 



19. I am aware of energy /ecological relationships in the environment .and of their 

social and economic implications. • u ' ^ L2 3 4 5' 

20. I have studied the social /economic/.environmental impacts of science and the social 

and moral^rl^ponsibi^ities ot scientists. - ' . 1 2 3 4 5 

^ ■ ' 

Instructicyial Methods an^ Techniques . ' 

■< ■ 

1. I use specific course and curriculum development tecKniques (conskniction of lesson 
plans^ development of minicourses, module^of learning activity packages, writing 
performance objectives, and ihe like). ' , ^2345 

2. I know where to obtain and how to use data (about "each learner's conceptual 

• level, cognitive style, ^terests, and abilities) -to provide unique individual experiences. 12^45 

3. I can effectively utilize current technological. devices and materials in my. teaching 
(e.g., motion pictures, overhead projectors, audio- and videotape recorders, and 

computer time-share). ^ ^ • 1 2 3 45 

4. I -can select, construct, use, and interpret various kinds of evaluation instruments 

, for determining student progress. ^if* j 1 2 3 4 5 



5. I use a variety of teaching styles (i.e., student inquiry, lecture, demonstration, 
individual project work, convergent and divergent questioning, seminars, and 
simulations). 1 2 3 4 5 



6- I make provisions for tlie safety of students while'they are participating in classroom/ 

laboratory activities arid can handle emergencies that arise. \ 2 3 4 5 

7. I implement a variety of forms of classroom organization: individual, small and large 

group, open classroom, laboratory, and team teaching. ^ M 2 3 4 5 



8. I can .provide a rich environment' (of data sources, materials for experimentation, ^ ^ 
phenomena to observe, and ideas) for use by my students in achieving dass objectives. 1 2 3 4 5 

9. I am familiar with the legal requirements relative to the cai:e and use of animals 

in the classroom in my instriictional program.- ' ' .1 2 3 4 5 
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Professional Education atad^Develppirient 



to 



L My bafckground equipped me with the understanding of.tlie life, ^physical, and earth- 
sp>ace sciences needed for teachijig in my current assignment^ ^ 



1 2345 



|;2. I have a worlcing knowledge of recent .nauonal jcurriculu^ projects^ Science 
Curriculum Improvement -Study (elenrtentary) or Biolc^car Sciences Curriculum 
Study, Chemical Education Material Study, and In teniff^iate Science Curriculum 
*Study (secondary), , Z'!^ > 



8, I use -professional days or jeleased/rim^ to visit other schools and dbserye innovative 
science programs and/or outstanding teachers in action. . A, - 



12 3^4 5 



3. I participate in the activities of at least one (national, statie/pr local) organization 
primarily related to science teaching; e.g., the National Science Tochers Association 
and the California Science Teachers Associatipri./' , • , t? / • 



1 2345 



4- I attend the conferences and conventions held by; national/ stkte, or local organi^- 
tions related to my field of science interesi.(Americah J^sociatibn of Physics Teachers, ; 
American Chemical Society, National Association of Biology Tdicher^and National 
Science Teachers Association).^ - - * • . . , 



1 2345' 



5-. I have attended one or more special" inservice programs ior §c^ei](ee teaching. ^e-g,, 

summer institute, inservice institute, or inservice course) in Ihe/pasl two y^ars, . t o o yi c 

. : .i; ^ ^* \N i C O ^ 0 



6. I contribute to the development or .evaluation of new programs and ideas in 
^ science teaching^^e.g., I participate in or conduct a research study, develoj=^innbvative 
curriculum materials, or pilot-test newly developed materials;. ' \ ; 



1 2345 



7. I participate in the [science teacher preparation programs of ifeaf by colleges and ~/ 

universities by worlong with student teachers and/or teaching extension, courses, 1 2 345 



1 2345 



9, I use my training and experience to identify students with special needs or 'problems 
' and refer them to persons or agencies qualified to provid^ielp- >: . " . 1 2 345 

10* I am familiar with the special science-related opportunities (clubs, con^periuons,,.* 
fairs, symposia, or congresses) available to my students and encourage and advisi(?> 
them in. their p^ticipation. 



1 2 345 
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for Pfofessional Growth in Science 
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^veloping Reading SIc^ls * \' 

• The nature of science and tjie unique organization o£ scientific- infor- 
mation and prOiJesses give^rise to special difficulties in reading, scientific 
materials. One of the primary difficulties is f)osed by science vocabulary. 
There are several reasons for this: (I) The vocabulary in science is moi'e 
exact, specialized,, and extensive than in 'other fields; (2) many commonly 
u^ed words cause confusion because they have a different and/or more 
exact meaning in science (e.^,, mass, forces compound,' cell, colony, arid 
culture; (3) many scientific words are derived from Greek or Latin words' 
that are completely new to students so that; previously learned word 
analysis skills are fr&quently of little or fto help, and students have to 
make new applications of the skills an5 formulate new generalizations; 
and (4) one word is often applied to a complicated concept or process 
(e.g., sterilize, magnetism, photosynthesis, and electrp lysis). 

Although basic reading* skills apply to all subjects, scientific materials 
require emphasis on special skills that are -fundiamenial for effeaive 
reagling in science. To successfully , coniplete their science research pro- 
ject, students shouldjearn to do the following: 

.1. Use the specific science vocabulary. " 

2. Change the rate of reading in accordance with the" difficulty level. 

3. Draw important generalizations from the re,ading of scientific 
books and articles. 

4. Obtain information from' graphs* charts, maps, scales, and dia- 
^ grams and relate them with tht printed vs?ord. 

3. Use and understand scientific symbols and fonm\ilae. 
. 6. Read and follow a^sequence of steps in a technicial process and in 
performing investigations. 

7. Select, locate, and use outside references and compare information 
from various* sources. 

8. Read andvidentify the cause-and-effect pattern in science. 

9. Reco^^ize and follow problem-solving techniques. 

10. Apply the information in helping to understand everyday problems. 

The reading level assessment of printed, materials is often conlplicated 
when the printed word is accompanied by illustration, diagrams, tables, 
and other format variations which are included to aid in comprehension. 
Also, the more modified structures a basic sentence has in it, ihe more 
complicated it is. For example, prepositional phrases, dependent clauses, 
inverted word order, and excessive subordination require higher reading " 

. 99 112 



skills/ The following, tcchniqiK-s arc only two of several reading assess- 
ments ihaixan be used, bthers tran be selected from a variety of testing ■ 
procedures .listed in the references at the end of this appendix. 

V Assessing Student Reading Skills 

Teachers can deyelop a "cloze"^' reading test to determine which 
students will be able to understand specific printed materials' and the 
degree of assistance that 'will be required by others. The procedure 
provides a means for determining whether the material is ai^tRe^ndepen- 
dent, instructional, or frustrational level for each student. 

Independent Reading Level 

The learner is at the independent reading level when he or she is able to^ 
read and understand without help. The material should have high 
interest value and should cause -oq difficulty. ' 

Instructional Reading Level *^ 

.\t the instructional reading level, the individual is able to read and 
under$tand with some help from the teacher. The material may^^ be 
challenging but not too. difficult. 

Frustrational Reading Level . 

At the frustrational reajiing lev^l, the individual is unable to read with 
minimum teacher assistance. Comprehens^n of the material is poor, and 
frusiraiiori results. ^ ' 

An informal cloze reading test can be constructed as follows: 

1. Select a representative passage from the printed materials. The 
passage should include an initial sentence that is kept intact and 
followed by 250 words. . . 

2. Delete every fifth word and. replace it with a blank using the 
underline typewi-iter^ kev All the blanks should be' uniform .in 
length.* " ' 

3. ' Have students complete each blanlc as nearly as possible to the 
, word omitted (every fifth 'word will be **clozed'* by the student). 

4. Score the test results by considering only xhe exact word to deter- 
' mine a direct match score, or determine aft adjusted score by 

accepting alternative words: . 

5. Interpret the scores as follows: 

65 to jOd percent— independent readii^ level 
-55 to 64 percent— instructional reading level 
. . 0 to 54 percent— frustrational reading level 

Assessing the ^Reading Level of. Rririted Materials 

A discrepancy often exists l^etweefi the intended grade level Use and the 
reading level of published' materials. Teachers should be familiar with 
different techniques for determining the approxijiiSte reading level of 
printed materials. One^techhique involves the use of; the Fry rea5iability 
graph. It hal 'a high correlation with other reading level assessment 



«A test of reading comprehension that involves having ihe individual being tested supply 
words thai have been sysicmatically deleted from a text. 



devices; "however, all such assg^ment devices have built-in limitations, 
particularly '^with science vo<::a(Bulary. The graph can bemused only to 
approximate the readijig level of materials. (See Figure 1.) 

^ - DIRECTIONS: Randomly select three 1 00- word passages from* a book or 
an article. Plouhe average number of syUables and the average number of 

\ words per sentence on a graph to determine the area of readability level. 
Choose more passages per^book if great variabilij.y is observed. / 
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Fig. 1. Graph for e;sHpiaiing readability^ 
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-Vstd by permission from Edward Fry. R'utgtTs L'nivtTsity Reading Cl'ntcr. RutgcTs L'ni* 
versity. New Brunswick, N J. The readability t;raph is not copyrighicd. Anyone may repro- 
'ducc it in any quantity, but the author and the editors would be- pleased if this source were 
cited. — - 
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The Science Friemeivork for Cafiforffia Public Sqhools, which was 
adopted for use in CaJifornia by the State Board of Education, isone of a 
series of curriculum Jraniewdrks that are available for purchase from the 
California State Department of Education- 

The frameworks, with ciate of publication and selling pfice,'^re as 
follows: 

Art Education Ft amew or k (1971) $.85- ' ^ 

Bilingual-Bicultural Education and Englisb-ds-atSecond-Language Edu- 
cation: /} Framework for Elementary andSeco^dary Schools (out of 
/ print; currently being revised) 
California Curriculum Frameworks: A Handbook f^Productien, Imple- 
mentation, and Evaluation Activities (1977) $.85 
Drarriaf Theatre Framework for California Public Schools (1974) $1.05 
English Langimge Framework fpr California Pubiic'Scnools (1976) $L50 
Foreign Language Framewcfrk for California Public Schools ("1972) $.85 
Health Instruction Framework for- California Public Schools (1978) 
SL35 

Mathematics Framework for CaliJ&rnia Public Schools (t975),$1.25 
Music nFr amew or k for, California Public Schools (1971) $.85 - 
Physical Education Framework for California Public Schools (1973) 

S.85 , . 

Framework in Reading for the Elementary and Secondary Schools of 

California (1973) S1.25 ' ' . 

Science Framework for California Public Schools (i978).$1.65 
- Social Sciences Education Framework for California Public Schools (1975) 

S'1.10 ■ . . ' K . ^ 

^ Ot}ier publications that may be of interest to the reader are^he 
'following: 

Curriculum Guidejor Teaching Gifted Children Science in Grades One 
. Through Three (1977) S.85 ^ 

Curriculum Guide for Teaching Gifted Children Science in Grades Four 
Ekistics: Guide for an Interdisciplinary Environmental 'Curriculum 
(1973) 'S.85 - 

Handbook on California's Natural Jiesources, Vol. I (1972) $.85 
Handbook on California s Natural Resources, VoL II (1970) $.85 
Orders should be directed to: 

California State Departrhent of Education 

P.O. Box 271 

Sacrameuto, CA. 95802 

» . * 

Remittance or purchase order must accompany order. Purchase orders 
without checks are accepted only from government agencies in 
(California. Six f>ercent sales tax should be added to all orders from 
CahTornia purchasers. . ' 

A complete list of publications available from the Department may be 
obtained by writing to the address listed above. - 
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